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War  Department, 

WashingfoJi,  December  2,  1900. 
Sir:  Iu  connection  with  Department  letter  of  December  18,  1.S99, 
transmitting;  a  preliminaHy  report  of  the  United  States  Board  of  Engi- 
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as  contemplated  by  the  provisions  of  the  sundry  civil  act  of  June  4, 
1897. 

Very  respectfully, 

Klihl'  Root, 

Secretary  of  War. 
The  Speaker  op  the  House  of  Representatives. 
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BOARD  OF  ENGINEERS  ON  DEEP  WATERWAYS. 


United  mates  lioAKD  of  KN(iiNEEKs 

ON  Deep  Waterways, 
•>4  West  Congress  Street,  Detroit,  Mich.,  Juiif  ■!<>,  I'l'xi. 
Sir:    riie  Board  of  Eni^iueers  <lesij;iuite(l  ami  appoint«'d    by  the 
Pi't'sident,  in  conformity  with  the  provisions  of  the  sundry  civil  act 
of  June  4,  18!»7,  to  make  surveys  and  examinations  of  deep  water- 
ways and  the  routes  thereof  between  the  Great  Lakes  and  the  Atlantic 
tide  waters,  has  the  honor  to  submit  tlie  following  report: 
The  letter  constituting  the  Board  is  as  follows: 

War  Department,  Washington,  July  :;s,  Avr/r. 
Under  a  provision  in  the  act  of  Congress  making  appropriations  for  sundry 
civil  expenses  of  the  Government  for  the  year  ending  June  30,  1898,  and  for  other 
purposes,  approved  June  4, 1897,  Major  Charles  W.  Raymond,  Corps  of  Engineers, 
CJnited  States  Army.  Alfred  Noble,  and  George  Y.  VVisner  are  designated  and 
appointed  by  the  President  as  a  Board  of  Engineers  to  make  'surveys  and  exami- 
nations (including  estimate  of  cost)  of  deep  waterways  and  the  routes  thereof 
between  the  Great  Lakes  and  the  Atlantic  tide  waters,  as  recommended  by  the 
report  of  the  Deep  Waterways  Commission,"  as  reiuired  by  the  said  act. 

R.  A.  KyAiV.^',  Secretary  of  Wm-. 

The  provisions  of  the  sundry  civil  act  of  June  4,  1897,  which  author- 
ize the  formation  and  define  the  duties  of  the  Board  are  as  follows: 

Deep  Waterways  Commission:  For  surveys  and  examinations  (including 
estimate  of  cost)  of  deep  waterways  and  the  routes  thereof  between  the  Great 
Lakes  and  the  Atlantic  tide  waters,  as  recommended  by  the  report  of  the  Deep 
Waterways  Commission  transmitted  by  the  President  to  Congress  January  18, 
1897.  one  hundred  and  fifty  thousand  dollars.  Such  examinations  and  surveys 
shall  be  made  by  a  Board  of  three  engineers,  to  l>e  designated  by  the  President,  one 
of  whom  may  be  detailed  from  the  Engineer  Corps  of  the  Army,  one  from  the 
Coast  and  Geodetic  Survey,  and  one  shall  t)e  appointed  from  civil  life. 

The  sundry  civil  act  of  Jul \  1,  l"^'"^,  which  appropriated  funds  for 
continuing  this  work,  provided  that  the  Board  shouUl  "submit  in 
their  reiwrt  the  probable  and  relative  cost  of  various  deiUhs  for  said 
waterway,  respectively,  as  follows:  21  and  30  feet,  with  a  statement 
of  the  relative  advantages  thereof." 
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The  following  appropiiations  for  the  work  of  the  Boar<l  have  been 
made  by  Congress : 

Sundry  civil  act  of — 

June  4,  1897 _.  $150,000 

July  1,1898 225,000 

March  3,  1899 90,000 

Urgent  deficiency  act  of  February  9,  1900 20,000 

Total 485,000 

ORGANIZATION  OF  THE  BOARD. 

The  Board  held  its  first  meeting  at  tlie  Engineer  Office,  United 
States  Army,  at  Philadelphia,  Pa.,  on  August  11,  1897,  and  organized 
by  the  election  of  Maj.  (now  Ijieut.  Col.)  C.  W.  Raymond,  Cori)s  of 
Engineers,  United  States  Arniy,  as  President.  Gen.  James  II.  Kidd, 
of  Ionia,  Mich.,  was  appointed  secretary  of  the  Board  by  letter  of  the 
Secretary  of  War  dated  August  10,  1S1»7.  The  permanent  office  of 
the  Board  was  established  at  Detroit,  Mich.,  on  October  1,  1897. 

Instructions  for  the  guidance  of  the  Board  were  issued  by  the  Sec- 
retary of  War  on  August  31,  1897,  and  amended  instructions  on 
October  20, 1897.     These  instructions  will  be  found  in  Appendix  No.  9. 

DUTIES  OF  THE  BOARD. 

The  act  of  June  4,  1897,  requires  the  Board  to  make  surveys  and 
examinations  (including  estimate  of  cost)  of  deep  waterways,  and  the 
routes  thereof,  between  the  Great  Lakes  and  the  Atlantic  tide  waters, 
as  recommended  by  the  report  of  tlie  Deep  Waterways  Commission 
transmitted  b}^  the  President  to  Congress  January  18,  1897.  This 
report  is  published  as  Document  No.  192,  House  of  Representatives, 
Fifty-fourtli  Congress,  second  sessiou.  The  recommendations  referred 
to  will  be  found  on  page  30  of  the  report,  and  are  as  follows: 

RECOMMENDATIONS. 

I.  That  complete  surveys  and  examinations  be  made  and  all  needful  data  to 
mature  i)rojects  be  procured  for — 

(a)  Controlling  the  level  of  Lake  Erie  and  projecting  the  Niagara  ship  canal. 
(?>)  Developing  the  Oswego- Oneida-Mohawk  route. 

(c)  Developing  the  St.  Lawrence-Champlaln  route. 

(d)  Improving  the  tidal  Hudson  Rivei\ 

(e)  Improving  intermediate  channels  of  the  lakes. 

II.  That  the  collecting  and  reducing  of  existing  information,  supplemented  by 
reconnoissances  and  special  investigations,  be  continued  nnt:l  the  general  (juestions 
have  been  fully  covered. 

III.  That  a  systematic  measurement  of  the  outflow  of  the  several  lakes  and  a 
final  determination  of  theii*  levels  shall  be  undertaken. 

The  depths  of  the  waterways  which  are  the  subjects  of  investiga- 
tion are  definitely  fixed  by  the  provisions  of  the  act  of  July  1, 1898, 
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at  21  an<l  30   feet,  respcctivf'ly,  and   the  a«*t  furllxr  i<<]iiit<- 
nient  of  tlie  relative  a«ivantaji:es  thereof. 

It  will  \k'  observed  that,  with  the  exception  <»f  th<'  provision  last 
named,  the  duties  of  the  lioard  are  of  a  purely  enj;ine<*rin^'  charai't^M-, 
and  do  not  include  the  consideration  of  questions  of  drovernnient 
policy  or  commercial  desirability.  In  comparing  the  relative  atlvan- 
tages  of  waterways  of  different  depths,  however,  a  consideration  of 
the  relative  adaptability  of  these  waterways  to  the  present  an<I  pros- 
pective requirements  of  commerce  has  been  found  unavoidable. 

PLAN  OF  THIS  REPORT. 

The  problems  investigated  by  the  Board  require  for  their  intelli- 
gent consideration  a  knowledge  of  the  original  conditions  formerly 
existing  in  the  lake  and  river  waterways  and  of  the  improvements 
made  therein.  The  report,  therefore,  commences  with  a  brief  state- 
ment of  these  conditions  and  a  general  account  of  these  improvements. 
This  is  followed  l>y  a  condensed  statement  of  the  operations  of  the 
Board  and  of  the  results  obtained,  full  and  detailed  information  with 
reference  to  methods  and  data  being  given  in  the  appendixes.  Tliis 
plan  is  adopted  for  the  sake  of  clearness. 

Under  the  head  of  "Operations  of  the  Board  "  an  account  is  given  of 
the  general  methods  followed  by  the  Board  in  conducting  and  super- 
vising the  work.  Under  the  head  of  "Special  investigations"  an 
account  is  given  of  certain  investigations  made  l)y  meml>ers  of  the 
Board  or  by  others  under  their  immediate  direction,  the  (h'tails  of 
which  are  contained  in  the  appendixes. 

The  subjects  specified  in  Paragraph  I  of  the  recommendations  of 
the  commission  of  1807  are  then  treated  separately  in  order. 

The  systematic  measurement  of  outflow  and  determination  of  lake 
levels  provided  for  by  Paragrai)h  III  of  the  reconimendations  have 
been  carried  out  only  so  far  as  was  necessary  in  investigating  the 
other  problems  under  consideration,  and  will  be  referred  to  in  con- 
nection therewith.  The  commission  of  1807  remarks  in  its  i*eport 
that  this  work  will  require  some  years  of  time,  and  that  it  is  possible 
that  it  can  be  as  well  done  through  some  other  agency.  It  is  now  in 
progi'ess,  under  the  direction  of  the  Corps  of  Engineers,  United  States 
Army.  Finally,  a  comparison  is  made  between  the  various  water- 
ways which  have  been  surveyed  and  investigated,  and  a  statement  of 
the  relative  advantages  of  the  waterways  having  depths  of  iM  and  oO 
feet,  respectively,  is  given,  as  recjuired  by  the  act  of  July  1,  IS'.ts. 

ORIGINAL  CONDITIONS  AND  IMPROVEMENTS. 

From  the  time  of  the  arrival  of  the  tii>t  FhimIi  explorers  on  the 
Great  Lakes,  in  the  seventeenth  century,  until  the  present  the  utiliza- 
tion of  the  great  natural  waterways  through  these  lakes  as  a  means 
for  the  development  of  new  commerce  has  been  a  prominent  factor  in 
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the  commercial  and  industrial  progress  of  the  country.  It  is  only  two 
hundred  and  twenty  years  since  the  first  sail  vessel  was  launched  on 
the  upper  lakes,  durini?  which  time  the  birch-bark  canoe  has  been 
transformed  into  the  steel  freight  steamship  of  8,000  tons  capacity, 
and  a  freight  traffic  of  40,000,000  tons  annually  has  been  developed 
from  the  natural  resources  of  the  country  tributary  to  the  lake  system 
of  waterways. 

Without  the  facilities  for  easy  transportation  afforded  by  these 
waterways  the  lake  cities  would  never  have  reached  their  present 
imi)ortance,  and  without  the  commercial  and  manufacturing  require- 
ments of  these  cities  the  unprecedented  growth  of  the  lake  commerce 
would  not  have  occurred.  The  Hudson  River  and  the  St.  Lawrence 
River  are  the  natural  gatewaj's  of  commerce  on  the  Atlantic  coast, 
and  to  connect  these  with  the  Great  Lakes  by  a  waterway  of  suitable 
dimensions  to  economically  transport  the  commerce  of  the  country 
tributary  to  the  lake  system  has  been  the  most  important  project  for 
public  improvements  claiming  tlie  attention  of  the  Governments  of  the 
United  States  and  Canada  during  the  i)ast  century. 

Two  general  systems  of  canals  have  been  constructed  to  secure 
througli  water  navigation  fi-om  the  lakes  to  the  Atlantic — one,  by  the 
Canadian  government,  around  the  rapids  and  obstructions  of  the 
Niagara  and  St.  Lawrence  rivers,  and  the  other,  by  the  State  of  New 
York,  from  Lake  Erie  to  the  Hudson  River  at  Albany,  both  of  which 
were  inadequate  for  the  demands  of  commerce  when  complete<i.  The 
Canadian  system  has  been  enlarged  three  times,  and  the  Erie  Canal 
once,  and  the  second  enlargement  commenced,  and  still,  like  a  narrow- 
gauge  railroad,  their  dimensions  are  not  such  as  to  form  a  satisfactory 
link  between  the  larger  transportation  routes  connected. 

The  possibilities  for  the  growth  of  commerce  were  never  sufficiently 
realized  to  warrant  the  construction  of  transportation  routes  on  such 
broad  principles  as  to  anticipate  the  actual  requirements  by  the  time 
that  the  work  could  be  completed,  and  no  attempt  was  made  to  deter- 
mine the  channel  dimensions  which  would  ultimately  be  required  to 
form  a  througli  transportation  route  from  the  lakes  to  the  sea  without 
the  necessity  of  transferring  freight  at  intermediate  ports  between 
which  the  waterways  were  not  such  as  to  meet  the  requirements  of  the 
economic  freight  carrier  of  the  connected  routes — a  result  which  can 
only  be  obtained  by  making  all  such  connecting  waterways  of  dimen- 
sions to  conform  with  the  controlling  depths  of  the  routes  connected. 

On  the  lake  waterways  the  improvement  of  depth  has  been  a  grad- 
ual one  to  cori-espond  with  depth  of  terminal  harbors,  and  unlike  the 
construction  of  canals,  the  money  expended  on  such  work  has  not 
been  entirelj^  lost  when  considered  in  reference  to  future  enlarge- 
ments. When  the  Erie  Canal  was  first  opened,  Thomas  Jefferson 
said  that  the  project  was  one  hundred  years  ahead  of  its  time,  yet 
within  ten  years  afterwards  it  became  necessary  to  commence  enlarge- 
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ments  which  cost  fully  as  much  as  though  no  work  hud  hcfii  <loii('. 
In  order  to  clearly  undcistand  the  situation  relaliv<' to  the  develop- 
ment of  a  waterway  to  meet  the  future  leiiuiremenls  as  well  as  the 
present  necessities  of  tlie  commerce  between  the  Great  Lakes  and  ilie 
Atlantic,  a  brief  review  of  the  ori«;inal  co!i<litions  of  the  natural 
waterways,  the  improvements  whicli  have  been  made,  and  the  artifi- 
cial channels  constructed  will  be  necessary. 

HUDSON    RIVEK. 

The  watershed  of  the  Hudson  River  above  the  Mohawk  has  an  area 
of  about  4,600  square  miles,  and  the  Mohawk  watershed  an  area  of 
about  3,400  square  miles,  making  the  total  watershed  tributary  to  the 
river  at  Troy  8,000  square  miles,  from  which,  at  times  of  freshets, 
there  is  a  maximum  discharge  from  the  Upper  Hudson  of  alwut  05,fHX) 
cubic  feet  per  second,  and  from  the  Mohawk  River  about  78,(KX)  cubic 
feet  per  second.  The  times  of  the  high  waters  of  the  two  rivers  are 
not  likely  to  be  coincident. 

At  times  of  low  water,  the  entire  volume  of  flow  of  both  rivers 
(about  2,000  cubic  feet  per  second)  is  utilized  in  the  wheels  of  the 
manufacturing  establishments  at  places  where  dams  have  been  located 
for  developing  power. 

In  its  original  condition  the  Hudson  River  was  a  tidal  stream  from 
New  York  to  Troy,  above  which  the  river  consisted  of  a  series  of  pools 
separated  by  rapids  at  points  whei'e  the  outcrop  <»f  rock  in  the  ii\  er 
bed  formed  natural  weirs. 

The  river  had  a  natural  navigable  channel  of  JO  feet  depth  as  tar 
up  as  Hudson  City,  above  which  it  gradually  shoaled  to  alM)ut  lo  feet 
at  Albany  and  6  feet  at  Troy,  with  shifting  bars  of  only  4  feet  to  5 
feet  on  the  crests.  The  mean  tidal  fluctuation  at  Troy  was  0.8  foot, 
and  the  total  low- water  slope  from  Troy  to  New  York  4.5  feet.  The 
improvement  of  the  channel  has  considerably  increased  the  tidal 
range  at  Albany  and  Troy,  and  diminished  the  low-water  slope  of  the 
river,  and  if  a  Jl-foot  channel  should  be  constructed,  the  resulting 
increase  of  tidal  effect  would  materially  assist  in  maintaining  the 
improved  channels. 

The  conditions  arising  from  ice  jams,  the  wash  of  channel  banks, 
and  the  formation  of  shoals  indicate  that  navigable  depths  of  ovci  iM 
feet  will  be  diflicult  and  expensive  to  maintain. 

The  principal  obstructions  to  the  navigation  of  the  Hudson  were 
between  Troy  and  New  Haltimore,  a  distance  of  about  20  miles, 
which,  before  improvement,  consiste«l  of  14  bais  witli  only  4  to  !\  ft^'t 
of  water  on  the  crests. 

The  improvement  of  this  reach  of  river  was  commen«'ed  by  the 
State  of  New  York  in  1797,  and  during  the  following  twenty-two 
years,  15185,700  were  expended  in  the  construction  of  dams  and  jet- 
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ties,  which  resulted  in  washing  away  valuable   land   and  creating 
new  shoals  without  improving  navigation. 

In  1834  the  United  States  Government  assumed  charge  of  the  river 
improvement,  since  which  time,  with  the  amount  contributed  by  the 
State  of  New  York,  about  $5,000,000  have  been  expended  on  the  proj- 
ect, which  provides  for  a  channel  12  feet  deep  and  300  feet  wide  from 
the  State  Dam  to  Broadway,  in  Troy,  and  400  feet  wi<le  from  Broadway 
to  Coxsackie. 

NEW   YORK   STATE   CANAL   PROJECTS. 

The  first  mention  of  interior  waterway  improvements  in  New  York 
is  found  in  the  recommendation  of  Sir  Henr^^  Moore,  governor  of  the 
colony,  to  the  assembly,  on  'December  16,  1768,  for  the  improvement 
of  the  Mohawk  River  at  the  Falls  of  Canajoharie. 

In  1784  a  survey  was  made  for  a  canal  around  Niagara  Falls,  to  be 
utilized  in  connection  with  a  system  of  canals  and  slack  water,  by  the 
way  of  the  Oswego  and  Mohawk  rivers,  to  connect  the  Hudson  River 
with  Lake  Erie,  which  was  further  considered  in  1788  by  Elkanah 
Watson,  who  proposed  a  project  for  improvement  of  transportation 
between  Lake  Ontario  and  the  Hudson  by  connecting  Wood  Creek 
with  the  Mohawk  River  by  a  canal  and  by  improving  these  streams 
and  the  Oswego  River. 

The  first  canal  law  was  passed  March  24,  1791,  authorizing  an 
exploration  for  a  canal  from  Fort  Stanwix  to  Wood  Creek  and  surveys 
for  the  improvement  of  the  Mohawk  River  to  the  Hudson,  for  which 
$500  were  appropriated.  The  commission  appointed  to  superintend 
this  work  was  composed  of  Elkanah  Watson,  (leneral  Schuyler,  and 
Goldsborrow  Banger,  who  reported  that  the  pr-oject  was  feasible,  and 
that  the  existing  cost  of  transportation  from  Seneca  Lake  to  Albany 
was  from  $75  to  $100  per  ton  and  required  about  four  weeks  for  the 
round  trip.  On  March  30,  1792,  a  law  was  passed  incorporating  two 
companies — the  Western,  to  provide  transportation  from  the  Hudson 
to  Lake  Ontario,  and  the  Northern,  from  the  Hudson  to  Lake  Cham- 
plain.     The  State  afterwards  subscribed  to  the  stock  of  the  companies. 

In  the  spring  of  1796  the  western  canals  were  opened  from  Schenec- 
tady to  Seneca  Falls  for  boats  of  16  tons  capacity,  and  freight  charges 
were  reduced  to  $32  per  ton  for  the  down  trip  and  $16  per  ton  for  the 
upbound  trip. 

The  amount  expended  by  the  Western  Company  up  to  1813  was 
$400,000.  The  total  length  of  artificial  channel  of  the  system  was 
about  15  miles,  and  the  locks,  which  were  first  built  of  wood  and  after- 
wards changed  to  brick,  never  worked  well.  The  rights  of  the  com- 
pany were  finall^^  purchased  by  the  State  in  1820.  The  Northern 
Company  expended  about  $100,000  on  the  route  from  the  Hudson  to 
Lake  Champlain,  which  was  a  total  loss.  In  1798  a  law  was  passed 
for  a  canal  around  Niagara  Falls,  but  no  action  was  ever  taken  to  put 
it  into  effect. 
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ERIE   CANAL. 

The  first  sujfgt'stion  of  tho  Erie  Canal  is  attribute<l  to  Cioiiverneur 
Morris,  in  ISO."},  and  was  tluMi  j:;«Mi<M-ally  n'jjanled  as  "an  ofTusion  of 
an  eccentric  mind."  In  18()H  the  le},Mslatnre  appropriated  ♦»)»M)f(»ra 
8urvey  of  the  route,  with  the  exi)ectatiou  that  tlie  Federal  (Toverninent 
would  aid  in  the  construction.  This  act  contemplated  a  wati-rway 
from  the  Hudson  to  Lake  Ontario  and  u  canal  thence  around  \iatrara 
Falls  to  Lake  Eric 

In  1811  a  commission,  consisi  inic  <»!'  ( toii\  «Mrienr  ■  .Moi  ri>,  >.  \  an 
Rensselaer,  I)e  Witt  Clinton,  William  North,  Thonuis  Eddy,  and 
Rol)ert  R.  Livinji^ston,  was  appointed  to  consider  and  report  on  all 
matters  relatinjj  to  the  inland  navigation  of  the  State.  This  commis- 
sion nuide  an  appeal  to  Congress  and  to  the  State  government  for 
aid,  but  without  success,  and  in  April,  1812,  submitted  a  report,  the 
recommendations  of  which  were  made  the  basis  of  legislation  for  the 
construction  of  the  canal  on  the  line  as  finally  built. 

In  their  report  it  is  stated  that  the  project  for  a  canal  suitable  for 
vessels  of  50  to  (30  tons  capacity,  capable  of  navigating  Lake  Ontario, 
was  irapractieable  for  the  reason  that  sufficient  water  was  not  avail- 
able for  the  supply  of  the  summit  level,  and  inadvisable  for  the 
reason  that  freight  for  export,  once  having  reached  Lake  Ontario,  could 
be  delivered  at  Montreal  for  less  cost  for  transportation  than  at  New 
York,  an  argument  which  is  still  an  important  factor  in  the  lot^atiou 
of  a  waterway  from  the  lak«^s  to  the  sea.  At  that  time  a  large  amount 
of  the  commerce  of  New  York  City  was  from  the  central  and  western 
part  of  the  State,  nmking  a  canal  through  the  State  much  more  advan- 
tageous than  a  route  through  Lake  Ontario,  passing  around  the  west- 
ern half  of  the  section  to  be  benefited,  a  condition  which  lias  l^en 
greatly  modified  by  the  enormous  increase  of  through  traffic  and  the 
development  of  railroad  transportation  lines  by  which  local  commerce 
is  economically  handled. 

In  1812  the  legislature  passed  a  law  appropriating  ?i."),UtH»,uou  for 
the  construction  of  the  canal,  but  owing  to  the  war  with  Great  Brit- 
ain the  act  was  repealed  before  anj'  work  was  done. 

On  April  1(),  1816,  a  law  was  passed  for  an  estimate  for  the  canal, 
and  the  following  year  the  construction  was  authorized.  The  firet 
ground  was  broken  July  4,  1817,  at  Rcmie,  and  in  October,  181  !>,  the 
first  boat  made  the  trip  from  Rome  to  Utica.  During  1821  the  entire 
canal  was  placed  under  contract  and  was  completed  in  October,  1825. 

It  was  recognize<l  before  the  canal  was  complete<l  that  its  <limen- 
sions  were  inadequate  for  economical  transportation,  and  in  18:}4  a 
law  was  passed  authorizing  the  enlargement  of  the  system  and  pro- 
viding for  a  second  set  of  locks  of  the  enlarged  plan  from  Syracuse  to 
Albany.  In  May,  1835,  a  law  was  passed  approving  the  policy  of 
enlargement  of  the  entire  canal,  which  was  not  completed  until  1862. 
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CHAMPLAIN    CANAL. 

The  law  of  1817  providing  for  the  construction  of  the  Erie  C  anal 
also  provided  for  the  Champlain  Canal,  which  was  completed  in  sec- 
tions, as  follows: 

1819.  From  Fort  Edward  to  Whitehall. 

1820.  From  Whitehall  to  Fort  Miller. 

1821.  From  Fort  Miller  to  Stillwater. 

1822.  From  Stillwater  to  Waterford. 

1823.  From  Waterford  to  Albany. 

This  canal  was  gradually  enlarged  and  the  locks  replaced  until 
18G0,  when  the  legislature  directed  that  The  depth  be  made  5  feet  and 
the  bottom  width  35  feet. 

OSWEGO   CANAL. 

This  canal  was  authorized  in  1825  and  completed  in  1828,  with  the 
same  dimensions  as  the  original  Erie  Canal.  The  report  of  the  State 
engineer  for  1854  states  that  the  business  of  this  canal  was  greatly 
increased,  at  the  expense  of  the  western  portion  of  the  Erie  Canal,  by 
the  completion  of  the  Welland  Canal,  indicating  that  the  opinion 
that  freight  having  reached  Lake  Ontario  would  not  be  hx-kcMl  over 
the  divide  to  the  Mohawk  River  was  not  well  founded. 

The  following  table  gives  the  dates  of  constructi<m,  dimension  of 
prism,  size  of  locks,  and  cost  of  these  canals  as  originally  built,  and 
for  the  enlargements  completed  in  1862:  ' 


Name  of  canal. 

t-6 

J 

a 

o 

—  o 
-  e8 

Q 

c 

0 

0 

Original 

f08t   of 

the  canal. 

Cost,  in- 
cluding 
enlarge- 
ment and 
land  dam- 
ages. 

Total  cost, 
including 
interest 
on  loans. 

Erie  Canal 

1817 
18a5 
1825 
1847 
1817 

1825 
1862 
1828 
1862 
1822 

Miles. 
363 

mn 

38 
38 
66 

Ft. 
40 
70 
40 
70 
50 

Ft. 
28 
56 
24 
56 
35 

Ft. 
4 

7 
4 
7 
5 

Ft. 
83 
71 
18 
18 
20 

Ft. 

90 
110 

90 
110 
100 

Ft. 
15 
18 
15 
18 
18 

J7, 143, 790 

Enlargement.. 

$38,977,831 

$52, 491. 916 

Oswego  Canal 

565,437 

Enlargement.. 

3.077,430 
1,746,063 

3,612,825 

2,647,002 

Champlain  Canal. . 

921,011 

Total  cost  of  the  Erie  Canal  in  detail. 

Original  cost  of  363  miles  of  canal $7,143,790 

Enlargement  of  350i  miles  of  canal.   '. 31,834,041 


Total  cost,  exclusive  of  feeders,  structures,  and  land  damages 18, 439, 849 

Cost  of  feeders _ 794,618 

Cost  of  structures  for  old  canal  and  enlargement 16, 494, 218 

Cost  of  land  damages  for  old  canal  and  enlargement 3, 249, 146 

Total  interest  on  loans  during  construction  and  enlargement 13, 514, 085 

Total  cost,  including  interest  on  loans 52, 491 ,  916 

Total  cost  of  repairs,  1827  to  1862. 10,995,333 


'  Compiled  from  the  report  of  State  engineer  and  surveyor  of  New  York  for  1862. 
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In  1895  $!),(H)(),00<)  weiv  HpproiiriHt*^!  hy  the  State  of  New  York  to 
make  tlio  locks  twice  thoir  present  Iciij^th  and  deepen  tli<^  canal  tr)  'J 
feet.  After  the  expenditure  of  most  of  the  money  tin*  amount  appn;- 
priate«l  was  found  to  be  ina<lequate  and  the  work  dLscontinued, 

PROPOSED   SHIP   (.'ANAl.s. 

In  IS.'Jo  Capt.  W.  (4.  Williams,  Unit<'d  States  topojrraphieal  engi- 
neers, made  surveys  for  five  different  routes  from  S<'hlossei's,  on 
Niagara  River,  above  the  Falls,  to  points  on  the  i-iver  neai-  T.ew  i<T<»n. 
and  from  Tonawanda  to  Oleott,  on  Luke  Ontario. 

The  estimates  were  on  a  basis  of  a  canal  prism  K)  feet  deep,  lloteet 
wide  at  the  surface,  and  with  locks  2i)U  feet  long,  50  feet  wide,  and 
10  feet  deep,  and  varied  from  $2,508,000  for  the  Lewi.ston  line  to 
$5,041,725  for  the  Tonawanda-Olcott  line. 

In  1S53  surveys  were  made  under  the  direction  of  a  State  commis- 
sion from  Tonawanda  to  points  on  Lake  Ontario  for  a  canal  130  feet 
wide  on  bottom,  14  feet  deep,  with  locks  300  feet  long  and  7(>  feet 
wide.  The  estimates  varie<l  from  ><I(),2'.)0,oO()  for  (-anal  witli  siiii^le 
locks  to  $13,109,000  for  canal  with  double  locks. 

In  1803  these  lines  were  again  surveyed  by  Mr.  Charles  1>.  Stuart 
for  the  General  Government  and  an  estinuite  for  a  canal  105  feet  wide 
at  the  surface  and  12  feet  deep,  with  locks  275  feet  long  l)y  45  feet 
wide,  reported  at  $0,007,001)  for  a  canal  with  single  locks  and  $7,080, 0(X) 
for  canal  with  double  locks. 

In  1867  Lieut.  Col.  C.  E.  Blunt,  Corps  of  Engineei-s,  United  States 
Army,  made  surv^eys  of  3  routes  from  Schlossei*s,  on  the  Niagara 
River,  about  3  miles  above  the  Falls,  to  the  river  near  I..ewiston;  1 
from  Schlossers  to  Lake  Ontario  at  mouth  of  Four-mile  Ci*eek,  1  to 
Wilson,  on  Lake  Ontario,  and  1  from  Tonawanda  to  Oleott,  at  the 
mouth  of  Eighteen-mile  Creek.  The  estimates  were  based  on  a  canal 
90  feet  wide  at  the  bott?om,  125  feet  wide  at  the  surface,  and  14  feet 
deep,  with  locks  275  feet  long  and  30  feet  wide,  with  lifts  of  15  feet 
and  16  feet,  and  varied  from  $11,032,000  for  the  Lewiston  line  to 
^12,893,(K)0  for  the  Oleott  line. 

In  1884  Mr.  E.  Sweet,  engineer  and  surveyor  of  New  York  State, 
read  a  paper  before  the  American  Society  of  (>ivil  Engineers,  outlining 
a  project  for  a  down-grade  canal  18  feet  <leep  from  Tonawan<la  to 
Utica,  and  thence  by  locks  and  dams  on  the  Mohawk  to  Troy.  The 
project  called  for  a  high  aqueduct  2  miles  long,  at  the  crossing  of  the 
Seneca  River,  where  the  natural  conditions  are  not  suitable  for  .safe 
foun<lations  for  such  a  structun*.  It  is,  however,  probable  that,  by 
adopting  a  low-level  canal  from  Oneida  Lake  to  the  Mohawk,  and 
diverting  the  Seneca  River  east  of  Haldwinsville  so  as  to  carry  that 
level  to  Oneitla  Lake  and  passing  over  the  outlet  of  Onondaga  Lake, 
such  a  down-grade  canal  could  1h.»  safely  const ructe<l,  the  only  <iues- 
tiou  being  whether  such  route  woiiM  not  benun-h  nu)re  expensive  and 
H.  Doc.  149 3 


34  DEEP    WATERWAYS. 

would  take  liO  per  cent  more  time  to  navigate  than  the  route  via  Lake 
Ontario. 

In  compliance  with  the  river  and  liarbor  act  of  August  11,  1888, 
a  revision  was  made  of  the  surveys  of  the  Wilson  and  Olcott  routes 
by  Capt.  C,  II.  Palfrey,  Corps  of  Engineers,  United  States  Army,  and 
an  estimate  for  a  canal  100  feet  wide  at  the  bottom,  20^  feet  deep, 
with  locks  400  feet  long,  80  feet  wide,  and  18  feet  lift,  was  reported,  as 
follows : 
Wilson  route,  18.25  miles: 

With  single  locks $24,201,600 

With  double  locks _ 29.347,900 

Olcott  route,  25.28  miles,  single  locks 23, 6i7, 900 

Under  the  provisions  of  the  sundry  civil  appropriation  act  of 
March  2,  1805,  the  President  appointed  James  I>.  Angell,  John  E. 
Russell,  and  Lyman  E.  Cooley  members  of  a  commission  to  meet  and 
confer  with  a  similar  commission  from  Canada,  and  report  whether  it 
is  feasible  to  build  such  canals  as  shall  eimble  vessels  to  ])ass  to  and 
fro  from  the  Great  Lakes  to  the  Atlantic  Ocean. 

After  a  year's  investigation  and  study  of  available  data  llie  com- 
mission reported,  "  That  it  is  entirely  feasible  to  construct  such  canals 
and  develop  such  channels  as  will  be  adequate  to  any  scale  of  naviga- 
tion that  may  be  desired  between  the  (rreat  Lakes  and  the  seaboard," 
and  recommended  that  complete  surveys  be  made  on  wliich  to  base 
projects  for  ship  canals  from  Lake  Erie  to  Lake  Ontario  and  from  Lake 
Ontario  to  the  Hudson  River  via  the  Oswego  and  Mohawk  rivers  and 
via  the  St.  Lawrence  River  and  Lake  Champlain. 

In  compliance  with  the  river  and  harbor  act  of  June  3,  180G,  Maj. 
T.  W.  Symons,  Corps  of  Engineers,  United  States  Army,  made  an 
estimate  from  existing  data  for  "cost  of  construction  of  a  ship  canal 
by  the  most  practicable  route,  whollj-  within  the  L^'nited  States,  from 
the  Great  Lakes  to  the  navigable  waters  of  the  Hudson  River,  of  suf- 
ficient capacity  to  ti'ansport  the  tonnage  of  the  lakes  to  the  sea." 
Major  Symons  interpreted  tonnage  to  mean  the  commerce  of  the 
lakes,  without  regard  to  the  size  of  vessels  in  which  transported  on 
the  lakes,  and  recommended  a  barge  canal  12  feet  deep,  82  feet  wide 
at  the  bottom,  and  estimated  to  cost  $50,000,000. 

The  history  of  the  Erie  Canal  shows  the  amount  of  freight  carried 
to  be  as  follows : 


Tons. 

1837 667,151 

1850... 1.635,089 

I860.. 2,253,533 

1870. , _.  3,083,132 


Tons. 

1880 4,608,651 

1890 3,303,929 

1899 2,419,084 


Since  1880,  when  the  trafftc  of  the  Erie  Canal  reached  a  maximum, 
the  rate  per  ton  mile  on  the  railroads  from  the  lakes  to  the  seaboard 
has  been  about  double  that  on  the  Erie  Canal,  yet  during  that  time 
the  business  of  the  canal  has  diminished  about  one-half,  showing 
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beyond  question  that  tlie  volume  of  freijjht  which  will  be  shipped  l)y 
any  given  route  does  not  depend  entirely  upon  the  relative  cost  of 
transportation,  and  that,  uidess  the  conditions  which  have  i)rotluced 
the  decline  of  traffic  on  the  canal  are  chanj^ed,  anj'  increase  in  the 
cari'vinj;  capacity  will  prmluce  no  material  increase  in  the  volume  of 
freii^lit  can-itMl. 

CANADIAN   CANALS. 

Since  1821  the  Government  of  Canada  has  exi)ende<l  upward  of 
$80,(KK),00!)  on  the  construction  and  improvement  of  canals,  with 
results  somewhat  similar  to  those  developed  bj'the  waterways  throuj^h 
New  York. 

The  first  Canadian  canals  constructed  were  those  to  overcome  the 
Cedar  and  Coteau  rapids,  which  were  commenced  in  177!t  and  com- 
pleted in  1781.  The  locks  were  of  cut  stone,  with  a  chamber  (5  feet 
wide,  24  feet  deep,  and  desijrned  for  boats  carryin;; .'}()  barrels  of  tlour. 
These  locks  were  enhirjjed  in  1804  and  1817,  and  abandoned  in  1S45. 

A  canal  with  locks  to  overcome  the  rapids  at  Sault  Ste.  Marie  was 
constructe<l  by  the  Northwest  Company  in  17'.'7  for  passinjj^  loaded 
canoes.     One  of  these  locks  is  still  in  a  fair  state  of  i)resei-vati<)n. 

In  the  St.  Lawrence  River  canal  system — 

The  Lachine  Canal  was  beirun  in  1821  and  opened  in  l82o. 

The  Beauharnois  Canal  was  bejj^un  in  1842  and  opened  in  lS4o. 

The  Cornwall  Canal  was  bejjun  in  ISM  antl  opened  in  184:). 

The  Fai'rans  Point  Canal  was  ])e.i;un  in  1844  and  opened  in  1847. 

The  llapid  Plat  Canal  was  Ix'jjfun  in  1844  and  opened  in  1847. 

The  Galops  Canal  was  begun  in  1844  and  opened  in  1840. 

The  Welland  Canal  was  begun  in  1824  and  opened  in  182*J. 

The  Welland  Canal  was  enlarged  between  1841  and  1850,  an<l  in 
1873  was  made  12  feet  deep,  and  in  1887  was  deepened  to  14  feet.  In 
1871  it  was  decided  to  enlarge  the  canals  of  the  St.  Lawrence  lliver 
sj'stem  toalTord  a  <lepth  of  12  feet  throughout,  which  project  has  since 
been  modified  and  all  the  locks  on  the  route  made  45  feet  wide  an«l  14 
feet  deep  on  the  sills.  The  locks  (where  not  nuide  for  fleets  of  barges) 
are  270  feet  long,  and  are  intended  to  pass  lake  steamers  of  2,tK)0  tons 
capacity.  The  completion  of  this  system  of  watei'ways  from  Lake  Erie 
to  tide  water,  capable  of  passing  vessels  of  twice  the  capacity  of  the 
proposed  New  York  State  Barge  Canal,  does  not  indicate  that  the  causes 
which  have  pro<luced  the  decline  in  water  transportation  l)etween  the 
lakes  and  the  Atlantic  have  been  overcome. 

I.AKK    HAKMOKS    A.M)    \V.\TEK\VAVS. 

The  entrance  to  Niagara  River  from  Lake  Erie  was  originally  a  wind- 
ing channel  about  17  feet  deep  at  mean  lake  level  through  Hoi*se  Shoe 
Reef,  which,  in  accordance  with  a  project  approve<l  in  1 888,  was  deep- 

ene<l  to  1  >i  tVct  for  a  widtli  t^f  4i"i  feet.     This  cut  thi-ouLrh  the  natural 
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barrier  to  the  discharge  of  the  lake  undoubtedly  had  the  effect  to 
slightly  lower  the  natviral  levels. 

Previous  to  1819,  the  mouth  of  Buffalo  Creek,  which  constitutes  the 
interioi"  harbor  at  Buffalo,  was  closed  most  of  the  time  by  a  gravel 
bar.  In  1820  and  1821,  two  piers  about  200  feet  apart  w^ere  built 
across  the  bar  by  the  State  of  New  York,  which  were  transferred  to 
the  United  States  in  1826. 

From  1830  to  1867  various  projects  were  submitted  lor  the  improve- 
ment of  the  harbor  entrance  and  construction  of  breakwaters,  but 
none  of  them  were  carried  out  until  1868,  when  it  was  decided  to 
repair  and  extend  the  piers,  dredge  to  a  depth  of  15  feet  between  them, 
and  construct  a  breakwater  4,000  feet  long  in  27  feet  of  water  outside 
of  the  harbor  entrance.  The  project  has  since  been  gradually  enlarged 
until  the  present,  and  consists  in  extending  the  detached  breakwater 
to  Stony  Point,  about  4  miles  from  the  entrance  of  the  harbor,  and  to 
deepen  the  harbor  for  20-foot  navigation. 

The  21-foot  curve  in  the  lake  is  about  1,200  feet  outside  of  the 
outer  end  of  the  piers,  and  the  30-foot  curve  about  14,000  feet  outside 
of  the  entrance. 

The  entranc(^  to  the  harbor  and  deep  waterway  channels,  if  less  than 
23  feet  in  depth,  will  be  protected  by  the  breakwater  as  now  con- 
structed; but  for  greater  depths  the  cliannel  excavation  will  be  in  the 
open  lake,  across  which  at  times  there  will  be  very  heavy  currents, 
which  will  probably  produce  rapid  deterioration  of  the  channel  from 
the  material  carried  by  the  currents  and  ice. 

The  harbors  on  the  south  shore  of  Lake  Erie  had  original  depths  of 
from  3  feet  to  6  feet,  which  have  been  generally  improved  by  building 
piers  about  200  feet  apart  and  dredging  between  to  deptlis  of  16  feet 
to  19  feet.  The  30-foot  curve  in  lake  is  from  3,000  to  4,000  feet  from 
shore  in  front  of  the  harbor  entrances. 

At  the  mouth  of  the  Detroit  River,  with  the  exception  of  a  few  sand 
bars,  there  is  a  natural  21-foot  channel  into  the  lake  at  mean  stage, 
but  for  a  30-foot  channel  the  bed  of  the  lake  would  have  to  be  deep- 
ened for  a  distance  of  about  10  miles,  from  which  points  the  route 
through  the  islands,  about  35  miles,  varies  in  depth  between  30  feet 
and  40  feet. 

The  Detroit  River,  with  the  exception  of  a  reach  of  about  5  miles 
near  its  mouth,  has  a  natural  30-foot  channel.  At  the  Limekiln  cross- 
ing, about  1  mile  above  Amherstburg,  the  original  depth  was  only  13 
feet,  above  and  below  which  for  a  total  distance  of  about  4  miles 
there  were  reefs  of  bowlders  and  rock,  with  depths  of  15  to  18  feet. 
Through  this  reach  of  the  river  a  channel  has  been  excavated  having 
a  width  of  440  and  a  depth  of  18  to  20  feet. 

The  river  currents  are  at  places  across  the  channel,  making  it  dan- 
gerous to  navigate  in  its  present  condition. 

Previous  to  the  improvement  of  the  channel  across  Lake  St.  Clair  a 
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large  shoal  off  Gi-osse  Point  ol)structed  navigation  for  vessels  drawing 
over  K)  foet  at  mean  stage,  through  which  a  channel  20  feet  deep  has 
been  dredged. 

Lake  St.  Clair  ha.s  at  present  a  depth  of  20  feet  at  mean  stage  from 
tlie  head  of  the  Detroit  Kiver  to  the  dtdta  of  the  St.  Clair  River,  a 
distance  of  about  15  miles,  and  in  order  to  establish  .'iO-fo^jt  navigation 
between  Lakes  Huron  and  Erie  a  channel  10  feet  deep  would  liave  to 
be  excavated  in  the  bed  of  the  lake  for  this  distance.  From  the  South 
Channel  of  the  St.  Clair  River  into  the  lake  there  was  originally  a 
narrow  winding  channel  from  9  to  18  feet  deep.  In  1871  a  straight 
channel  1'.]  feet  deep  l)etween  piers .'}()()  feet  apart  was  completed  fiom 
the  deep  water  in  the  river  to  the  13-foot  curve  in  the  lake.  This 
channel  Avas  deepened  to  1(5  feet  in  1873,  and  to  20  feet  in  1894,  for 
which  depth  the  dredged  channel  extends  1  mile  outside  of  the  ])iers 
into  the  open  lake. 

The  St.  Clair  River  has  a  natural  depth  of  <ner  30  feet,  except  across 
the  middle  gi-ounds  at  Port  Huron,  Marysville,  and  St.  Clair,  where 
the  depths  aie  from  21  feet  to  24  feet.  The  maintenance  of  a  30-foot 
channel  through  these  reaches  will  require  a  rectification  of  the 
channel  banks  or  dredging  at  frequent  intervals. 

The  general  depth  of  the  foot  of  Lake  Huron,  H  miles  above  the 
head  of  the  St.  Clair  River,  was  originally  about  21  feet  to  27  feet,  over 
which  were  scattered  numerous  shoals  with  only  IG  to  18  feet  of  water. 

A  channel  2,400  feet  wide  and  21  fef't  deep  at  mean  stage  has  been 
cut  throng!)  these  shoals.  At  the  time  of  the  last  complete  survey  of 
the  head  of  the  river,  in  18G7,  the  depth  across  the  bar  over  which  the 
lake  discharges  into  the  St.  Clair  River  was  only  27  feet,  and  through 
the  gorge  at  the  head  of  the  river  the  central  depth  was  4S  feet. 

Investigations  made  during  181)8  and  18li!t  show  that  a  channel  has 
been  scoured  through  the  bar  75  feet  deep,  and  the  depth  in  the  gt)rge 
at  the  narrowest  place  increased  from  48  feet  to  &)  feet. 

There  is  now  a  channel  over  40  feet  deep  from  the  lake  into  the 
river,  the  increased  outflow  through  which  has  lowered  the  general 
level  of  Lake  Huron  and  Michigan  about  1  foot. 

From  the  foot  of  Lake  Huron  to  Milwaukee  and  Chicago  there 
are  no  natural  obstructions  to  30-foot  navigation  outside  of  harl)or 
entrances,  although  the  marking  or  removal  of  some  shoals  at  the  foot 
of  Lake  Michigan  ma.y  be  found  desirable. 

Chicago  River  is  a  small  stream,  which,  before  improvement,  was 
closed  most  of  the  time  by  a  bar  acro.ss  its  mouth.  Its  entrance  has 
been  improved  by  piers  and  dredging,  and  the  river  widened  to  a  width 
of  from  2t»0  feet  to  300  feet,  and  dredge<l  about  18  feet  deep. 

For  30-foot  navigation  on  the  lakes  the  business  of  the  port  would 
have  to  be  transacted  from  slips  constructed  in  the  outer  harbor,  where 
the  dei)th  of  water  is  now  only  about  14  feet,  or  by  deei)ening  the  river 
to  30  f.M't. 
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The  St.  Marys  River  is  the  only  waterway  from  Lake  Superior  to 
the  lower  lakes,  and  before  improvement  was  obstructed  in  many  places 
by  bowlders  and  rapids,  the  principal  fall  being  at  Sault  Ste.  Marie. 

The  fall  of  the  rivei-  from  Lake  Superior  to  the  head  rapids  was 
about  0.5  foot,  in  the  half  mile  of  rapids  18  feet,  and  from  foot  of 
rapids  to  Lake  Huron  about  2.3  feet.  Since  the  improvement  of  the 
river  and  the  enlargement  of  the  head  of  tlie  St.  Clair  River,  the  gen- 
eral level  of  Lake  Huron  and  of  the  St.  Marys  River  has  been  lowered 
80  that  the  fall  in  the  rapids  is  now  about  19  feet. 

The  governor  of  the  State  of  Michigan,  in  1837,  recognizing  the 
immense  importance  of  the  timber  and  mineral  resources  of  the  Lake 
Superior  region,  called  the  attention  of  the  State  legislature  to  the 
advisability  of  constructing  a  canal  around  the  rapids  at  Sault  Ste. 
Marie,  and  three  years  later  the  importance  of  the  project  was  dis- 
cussed in  the  United  States  Senate.  Nothing,  however,  was  done  until 
1852,  when  a  grant  of  750,000  acres  of  public  land  was  made  to  the 
State  of  Michigan,  from  the  proceeds  of  which  the  canal  was  to  be 
built.  Work  was  commenced  in  1853  and  the  completed  canal  turned 
over  to  the  State  in  1855.  The  canal  was  5,400  feet  long,  100  feet  wide 
at  water  surface,  and  12  feet  deep,  with  locks  350  feet  long,  70  feet 
wide.  Hi  feet  deep  on  the  miter  sills,  and  !)  feet  lift. 

The  branch  of  the  St.  Marys  River  flowing  to  the  north  and  east  of 
Sugar  Island  was  considered  best  adapted  for  the  improvement 
requii-ed  by  the  dei)th  of  water  in  the  locks,  and  a  project  was 
approved  in  1856  for  removing  the  obstructions  to  navigation  by 
dredging  to  a  deptli  of  14  feet  through  Lake  George  and  the  East 
Neebish  Rapids,  whicli  work  was  not  completed  until  1871. 

It  was  recognized  soon  after  tlie  completion  of  the  State  locks  that 
the  dimensions  of  waterway  and  facilities  afforded  were  inadequate 
to  accommodate  the  growing  commerce  of  Lake  Superior,  and  in  1870 
the  General  Government  commenced  the  improvement  of  the  canal, 
comprising  the  deepening  to  10  feet  and  the  construction  of  a  new 
lock  515  feet  long,  80  feet  wide,  IG  feet  deep  on  miter  sills,  and  18  feet 
lift,  which  was  completed  in  1881.  The  lowering  of  the  level  of  Lake 
Huron,  which  has  occurred  since  the  completion  of  the  work,  has 
Increased  the  lift  to  about  19  feet  and  diminished  the  depth  on  the 
lower  miter  sill  to  about  15  feet. 

In  connection  with  the  lock  construction  at  the  rapids,  the  obstruc- 
tions in  the  river  channel  between  Lake  Superior  and  Lake  Huron 
were  dredged  to  a  depth  of  16  feet,  which  work  was  completed  in  1883. 

The  commerce  of  Lake  Superior  reached  such  proportions  in  1884 
that  a  project  for  a  larger  lock  with  21  feet  of  water  on  miter  sills  was 
proposed,  and  in  1886  the  project  was  modified  and  work  commenced. 
This  lock,  800  feet  long,  100  feet  wide,  and  21  feet  deep,  was  com- 
pleted in  1896,  and  in  the  meantime  a  channel  300  feet  wide  and  20 
feet  deep  was  dredged  through  the  Hav  Lake  and  the  Middle  Neebish 
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Rapids  branc'li  of  the  St.  Marys  River  to  tlie  east  of  Sugar  Island. 
A  lock  1H)0  feet  loiiir,  '"'<'  feet  wi<le,  and  21  feet  deep  was  completed 
in  18(»5  on  the  north  side  of  the  St.  Marys  Rapids  by  the  Oanadian 
goverinnent. 

The  channel  of  the  St.  Marys  River  l)elow  the  rapi<ls  is  not  of  siiflficient 
capacity  to  allow  the  safe  passage  of  the  volume  of  commerce  already 
developed  between  Lake  Superior  and  the  lower  lake  ports,  and  an 
enlaruement  to  a  width  of  <i()0  feet  will  be  a  necessity  in  the  near  future. 
This  enlar«rement  can  best,  be  effected  by  widening  the  present  Hay 
Lake  channel  to  the  Neebish  Rapids,  and  thence  by  a  new  channel 
through  the  West  Neebish  to  .Mud  Lake,  which  is  understood  to  Im 
the  project  for  improvement  now  contemplated. 

The  distance  through  this  channel  from  ;}()  feet  of  water  in  Lake 
Sui3erior  to  Lake  Huron  is  oS  miles,  of  which  32  miles  will  have  to  be 
deepened  to  establish  a  30-foot  navigable  channel  between  Lakes 
Superior  and  Huron. 

From  the  liead  of  tlie  St.  Marys  River  to  Duluth  there  are  no 
obstructions  to  .30- foot  navigation. 

The  project  for  the  improvement  of  Duluth  Harbor,  now  under 
construction,  provides  for  a  20-foot  depth  at  low  stage  of  lake,  between 
j)iers  300  feet  apart.  To  increase  the  depth  of  this  harl)or,  so  as  to 
provide  for  30-foot  navigation,  would  cost  about  >;5, 000,000. 

The  cost  in  the  past  to  the  Government  for  improving  the  entrances 
of  lake  harbors  and  connecting  waterways  1  foot  has  been  about 
$5,000,000,  and  since  this  cost  increases  rapidly  with  the  additional 
depth  and  width  of  channel  secured  an  increase  of  10  feet  in  depth 
for  the  entire  system  of  harbors  and  connecting  waterways  would 
j)robably  amount  to  over  870,000,000. 

The  controlling  influences  which  fix  the  economical  dimensions  of 
an  intei-mediate  transportation  route  which  will  satisfy  both  present 
and  future  requii-ements  are  the  volume  of  existing  trathc,  the  volume 
which  may  be  expected  to  develop  with  improvement  of  transporta- 
tion facilities,  and  the  limiting  depths  of  the  water  routes  to  be  con- 
nected. 

From  a  careful  examination  of  the  original  conditions,  the  improve- 
ments which  have  been  made,  and  the  difficulties  to  be  overcome  to 
increase  existing  depths  through  the  lake  waterways  and  in  the  Hud- 
son River,  it  seems  very  evident  that  a  depth  of  30  feet  through  these 
channels  will  be  very  difficult  and  expensive  todeveh)pand  maintain. 

The  economical  features  of  the  problem  pertaining  to  the  proper 
dimensions  of  the  connecting  waterways  will  be  discussed  under  the 
chapter  on  the  relative  advantages  of  routes  of  difterent  depths. 

The  necessity  of  making  a  connecting  waterway  conform  in  dimen- 
sions with  those  of  the  routes  connected  is  well  illustrated  by  the  com- 
merce developed  by  the  various  improvements  which  have  been  made 
foi-  increasing  transportation  facilities  between  Lakes  Superior  and 
Huron,  shown  on  the  accompanying  figure. 
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OPERATIONS  OF  THE  BOARD. 

At  its  first  meeting,  held  in  Philadelphia  August  11, 1897,  the  Board 
adopted  rules  and  regulations  for  the  guidance  of  its  employees  and 
outlined  the  scope  of  the  investigations  to  be  made.  It  was  deemed 
essential,  in  order  to  complete  the  investigations  required  under  the 
act  in  a  satisfactory  and  economical  manner,  that  the  Boai'd  be 
relieved  from  conducting  the  work  in  compliance  with  the  rules  of  the 
Civil  Service  Commission,  and  on  a  recommendation  to  that  effect  the 
following  instructions  were  issued  by  the  Secretary  of  War: 

The  said  commission  is  authorized  to  rent  such  necessary  office  rooms  (except 
in  the  city  of  Washington),  and.  when  the  exigencies  of  the  service  will  not  admit 
of  advertisement  and  contract,  to  pur  hase  in  open  market  such  materials,  includ- 
ing instruments,  hooks,  mips,  fie.d  oitfits.  provisions,  an  1  other  supplies  of  any- 
kind  as  in  its  udgment  are  deemed  ni^cessary  for  the  prosecution  of  its  work,  and 
to  employ  sue  h  ;!S^istance  as  it  may  deem  essential  and  to  paj*  such  compensation 
therefor  as  it  mny  tieem  proper. 

Under  these  insti'uctions  the  general  policy  was  adopted  tf>  liave  all 
Avork  executed  undei-  the  su])ervisi()n  of  at  least  one  member  of  the 
Board,  and  thai  the  assistant  engineers  having  responsil)le  charge  of 
divisions  of  the  work  should  select  the  i)ersonnel  of  their  respective 
parlies,' subject  to  the  appi-oval  of  the  l^oai-d.  (lenei-al  instructions 
were  prepai-ed  and  issued  for  the  guidance  of  fie,ld  and  oltice  engineers,' 
a  careful  reconnoissance  of  all  lines  was  made  bj'  tlie  Board  in  advance 
of  field  work,  and  special  instructions  were  given  on  the  ground  cov- 
ering the  amount  and  character  of  surveys  and  investigations  to  be 
made. 

The  office  of  the  Board  at  Detroit  has  been  under  the  immediate 
personal  supervision  of  Mr.  George  Y.  Wisner,  member  of  the  Board, 
and  he  has  given  close  and  continuous  attention  to  the  work  of  the 
Board  througliout  the  whole  period  of  its  operations.  The  other  mem- 
bers have  at  times  been  compelled  to  give  attention  to  other  important 
matters,  the  services  of  Lieutenant-Colonel  Raymond  having  been 
required  elsewhere  for  militarj-  purposes  during  the  war  Avith  Spain, 
and  Mr.  Noble  having  been  absent  from  the  country  in  connection 
with  his  duties  as  a  member  of  the  Isthmian  Canal  Commission.  The 
active  working  membership  of  the  Board  has  therefore  averaged  only 
two  members  during  most  of  the  period  covered  bj*  the  work.  All  the 
woi'k  done  under  the  Board  has,  however,  been  carefully  examined 
by  every  member,  and  all  points  of  importance  have  been  decided 
by  all. 

Special  investigations  have  been  made  by  the  individual  members 
of  the  board  relative  to  the  form  and  dimensions  of  canal  prism  to 
be  adopted,  the  kind  and  size  of  lock  structures  best  adapted  for  the 
proposed  work,  the  design  of  breakwaters  for  the  lake  terminals,  the 
method  and  cost  of  regulating  the  level  of  Lake  Erie  and  Lake  Cham- 


'  See  Appendix  No.  9. 
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plain  so  as  to  maintain  as  ncaily  a  constafit  sta{;(*  as  i>ossil>U',  the 
relative  advantages  of  nuites  <)f  tlilT«M-eiit  depths,  the  8i)ee<l  of  v«*sj*el8 
in  restricted  waterways,  and  tli<'  unit  prices  to  l)e  use<l  in  making 
estimates,  the  results  of  winch  liavc  Immmj  discussed  by  the  full  Uoanl 
as  the  work  progressed,  and  modified  so  as  to  emho«ly  the  views  <»f  all 
the  members. 

The  survey  of  tlie  Niajiara  shii)  canal  was  coinmence<l  in  Septemi«*r, 
1897,  and,  including  borings,  was  comi)leted  in  April,  18'.»s.  The 
work  consisted  in  developing  two  routes  from  Lake  Erie  to  Lake 
Ontario,  one  from  Buffalo,  via  the  Niagara  River,  to  Tona\van<la,  and 
thence  by  ship  canal  to  Olcott,  on  Lake  Ontario,  and  the  othei-  by  the 
Niagara  River  to  Lasalle,  near  the  lower  end  of  Grand  Island,  and 
thence  by  ship  canal  to  the  Niagara  River  at  Lewiston,  from  which 
place  there  is  a  good  natural  channel  to  Lake  Ontario.  The  towg- 
raphy  of  the  country  was  determined  with  suthcient  accuracy  to 
develop  contours  of  2-foot  intervals  on  the  field  maps,  and  borings 
were  put  down  at  such  points  as  necessary  to  establish  the  profile  of 
the  rock  surface  where  above  canal  gra<le,  along  the  line  of  tlie  pro- 
posed waterway  as  finally  located  on  the  field  maps.  Fourteen  dia- 
mond-drill borings  were  afterwards  put  down  along  the  location  for 
these  two  lines  to  ascertain  the  charactei-  of  material  to  be  excavated 
and  the  imture  of  foundations  on  which  sti-uctui-es  are  to  be  founded. 

The  Oswego-Mohawk  route  was  divided  into  two  divisions  an<l  the 
surveys  and  invcstijiations  carried  on  by  two  parties  working  t«)wai"d 
each  other  from  the  terminals,  hn-  the  purpose  of  completing  the  field 
work  in  a  single  year,  if  possible.  Work  was  commenced  in  October, 
1897,  at  Oswego,  and  was  completed  to  the  connection  with  the  work 
of  the  eastern  division  at  Herkimer  in  JaJiuary,  1899,  with  the  excep- 
tion of  a  substitute  line  afterwards  run  from  Minettoto  Lake  Ontario 
near  the  western  end  of  Oswego  Harbor,  which  was  surveyed  in  July, 
1899,  and  adopted  as  a  portion  of  the  proposed  route.  Seven  diamond- 
drill  borings  were  i)ut  down  on  the  line  in  1899  to  determine  the  nature 
of  the  rock  to  be  excavated  and  tlie  character  of  foundations  of  jn-o- 
posed  structures. 

The  field  work  of  the  eastern  division  of  the  Oswego  route  was  com- 
menced at  Troy  in  October,  1897,  and  completed  to  Herkimer  in  No- 
vember, 1898,  with  the  exception  of  the  survey  of  theeut-oflf  line  from 
the  ^lohawk  at  Sclienectady  to  the  Hudson  below  All)any,  which  was 
finished  in  June,  1899.  The  surveys  were  continued  on  these  lines 
throughout  the  winter  of  1897  and  1898,  but  heavy  snowstorms  and 
extreme  cold  weather  nmde  the  work  slow  and  exi)ensive.  A  special 
investigation  to  determine  the  availability  of  an  adequate  water  sup- 
ply for  this  route  was  commenced  in  August,  1898,  and  continued  for 
a  year,  during  which  time  reservoirs  were  located  in  the  valh'ys  of 
the  Black  and  Salmon  rivers  and  a  feeder  line  surveye<l  and  mapi)ed 
from  the  reservoirs  to  the  proposed  waterway  near  Rome. 


42  DEEP    WATERWAYS. 

The  surveys  of  the  St.  Lawrence-Champlain  route  were  made  by 
three  diflferent  parties — one  on  tlie  Hudson  River  division  from  Troy 
to  deep  water  in  Lake  Chaniplain;  one  from  Lake  Champlain,  at 
Kings  Bay,  to  Lake  St.  Francis,  on  the  St.  Lawrence,  and  one  on  the 
St.Lawrence  River  division,  from  Ogdensburg  to  Lake  St.  Francis. 

The  field  work  of  the  Hudson  River  division  was  commenced  at 
Troy  in  April,  1898,  and  completed  to  Port  Henrj^  on  Lake  Cham- 
plain,  in  January,  1899.  The  survey  of  the  route  from  Lake  Cham- 
plain  to  Lake  St.  Francis  was  commenced  in  July,  1898,  and  completed 
in  May,  1899  (including  four  diamond-di-ill  borings),  and  the  St. 
Lawrence  River  investigations  were  commenced  in  August,  1898,  and 
finished  in  .Tune,  1899.  / 

A  survey  of  the  Hudson  River  from  Troy  to  Hudson  was  commenced 
August,  1898,  and  continued  until  stopped  by  unfavorable  weather 
conditions  in  November,  and  was  resumed  the  following  spring  and 
completed  in  May,  1899. 

Arrangements  were  made  with  the  United  States  engineer  officer  in 
charge  of  tlie  surveys  of  tlie  north  and  northwest  lakes  in  1898  by 
which  the  two  offices  were  to  have  the  use  of  the  notes  of  work  done 
under  the  direction  of  either  pertaining  to  the  levels,  slopes,  and 
discharge  of  the  St.  Clair,  Niagara,  and  St.  Lawrence  rivers,  and 
there!)}'  avoid  the  duplication  of  work. 

Under  this  arrangement  the  slopes  of  the  St.  Clair,  Detroit,  and 
St.  Lawrence  rivers  were  determined  by  lines  of  precise  lev^els  run  in 
the  fall  of  1898  and  spring  of  1899,  and  permanent  bench  marks  set 
for  future  reference. 

Two  seriesof  observations  were  made  in  1897  and  1898  to  determine 
the  discharge  of  the  Niagara  River  for  ditferent  stages  of  Lake  Erie, 
and  a  small  number  of  observations  were  made  for  the  discharge  of 
the  St.  Lawrence  River. 

Under  the  direction  of  the  Board  a  special  survey  was  made  of  the 
foot  of  Lake  Erie  and  the  head  of  the  Niagara  River  in  1898,  on  wliich 
to  base  designs  of  structures  for  regulating  the  level  of  Lake  Erie. 

From  the  investigation  of  this  problem  and  the  design  of  dams  for 
controlling  the  flow  of  the  Oswego,  Mohawk,  and  Hudson  rivers,  it 
was  found  very  desirable  that  the  coefficients  of  the  hydraulic  for- 
mula for  the  flow  of  water  over  dams  be  determined  for  greater  depths 
than  those  on  which  the  coefficients  were  based,  and  through  the 
courtesy  of  Prof.  E.  A.  Fuertes,  director  of  the  College  of  Civil  Engi- 
neering of  Cornell  University,  the  hydraulic  laboratory  of  the  college 
was  placed  at  the  disposal  of  the  Board  for  making  experiments  on 
the  volume  of  flow  over  weirs  of  different  shapes.  Prof.  Gardner  S. 
Williams,  engineer  in  charge  of  the  laboratory,  gratuitously  devoted 
a  large  amount  of  time  to  the  installation  of  apparatus  and  weirs  and 
to  superintending  the  observations,  the  results  of  which  have  been  of 
great  value  to  the  Board  and  will  undoubtedly  be  highly  appreciated 
by  hj'draulic  engineers  throughout  the  world. 
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The  detail  maps  of  surveys  were  oompleted  as  rapidly  as  ix>ssible  as 
the  work  proj^ressed  by  the  office  force  of  the  fi(^ld  parties,  and  on  the 
completion  of  the  investij^ations  of  each  division  such  inendMTs  of 
tlie  parties  as  were  needed  for  making  estimates  were  transferred  to 
the  main  office  at  Detroit,  where  the  proposed  routes  were  Unrated  on 
maps  by  the  Board,  and  designs  of  structures  and  estimates  of  <!08t 
prepared. 

Careful  studies  have  been  nuide  of  the  proposed  ItK-utiou  of  all  tlie 
routes  investigated,  with  especial  reference  to  securing  the  best  align- 
ment possible  for  the  waterways  at  a  minimum  cost  an<l  to  leave 
water-power  privileges  in  as  nearly  their  natural  conditions  as 
possible. 

A  coi'ps  of  efficient  engineers  and  draftsmen  has  Immmi  maintained 
throughout  the  investigations  for  the  purpose  of  nmking  tlioiough 
studies  to  determine  the  dimensions  of  structures  and  the  design  of 
lock  gates  best  adapted  for  the  large  locks  and  high  lifts  necessary  to 
secure  economical  construction  and  a  minimum  loss  of  time  for  the 
passage  of  vessels. 

OUTLINE  OF  INVESTIGATIONS. 

The  problems  which  the  Board  has  investigated  involve  the  appli- 
cation of  the  laws  of  flowing  water  over  dams  where  the  conditions  are 
different  from  those  for  wliich  iiydraulic  formuhe  have  been  deter- 
mined and  the  consideration  of  structures  of  greater  magnitude  than 
he retof ore  con str u cted . 

The  investigation  of  the  physical  characteristics  of  routes,  the  slopes 
and  discharge  of  rivers,  the  development  of  a  project  for  the  control 
of  lake  levels,  and  the  design  of  structures  on  which  to  base  estimates 
were  taken  up  as  soon  after  the  organization  of  the  Board  as  the  nec- 
essary engineering  force  could  be  secured,  the  results  of  which  ai-c 
fully  discussed  in  the  respective  appendixes  on  tlic«i<'  vinhi. ><•!>.. 

PKISM    DIMENSIONS. 

From  a  careful  study  of  the  dimensions  of  the  St.  Clair  Flats  Canal, 
the  Suez  Canal,  the  Manchester  Canal,  the  Amsterdam  Canal,  the  Kiel 
Canal,  and  the  speed  which  steamships  <*an  maintain  in  these  respec- 
tive waterways,  it  is  the  opinion  of  the  Board  that  the  cross  section  of 
the  canal  prism  should  be  made  such  that  a  spee<l  of  S  miles  per  hour 
can  l)e  maintained  on  tangents  without  danger  to  passing  ships  or 
danmge  to  the  canal  banks. 

Referring  to  the  discussion  of  th«'  speed  of  ships  in  the  proposetl 
deep  waterway,  in  Appendix  No.  4,  it  will  be  noted  that  for  the  tyi)e 
of  vessels  best  adapted  for  the  economical  transportation  of  the  lake 
traffic  the  cross  .section  of  canal  prism  necessary  to  permit  a  speed  of 
Smiles  per  hour  is  about  5,500  stpiare  feet  for  a  iM-foot  waterway 
and  8,000  s<iuare  feet  for  a  ."Jo-foot  waterway. 
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The  standard  cross  sections  on  which  estimates  are  based  and  the 
formula  for  increasing  the  width  of  the  prism  on  curves  are  shown  in 
figures  2  and  3. 

On  open  rivers,  where  tlie  channel  banks  are  not  defined,  a  bottom 
width  of  000  feet  has  been  adopted  as  necessarj'  for  safe  navigation, 
and  on  the  Hudson  and  Molmwk,  where  the  banks  of  the  canalized 
rivers  are  liable  to  erosion  at  times  of  freshets,  the  cross  section  of 
waterway  has  been  designed  with  reference  to  carrying  the  flood  dis- 
charge with  cun-ent  velocities  not  exceeding  4  feet  per  second.  On 
the  lower  Mohawk  the  economical  cross  section  for  carrying  the  flood 
discharge  of  the  river  with  a  current  velocity  of  less  than  4  feet  per 
second  requires  a  depth  of  oyer  21  feet,  foi-  which  reason  the  dimen- 
sions and  cost  of  the  21-foot  and  30-foo1  waterways  are  approximately 
the  same  from  Little  Nose,  6  miles  above  Fultonville,  to  Rotterdam, 
where  the  waterway  leaves  the  river  channel. 

To  locate  a  waterway  21  feet  deep  dr»wn  the  Mohawk  Valley  inde- 
pendent of  the  river  channel  would  involve  a  large  amount  of  river 
rectification,  and  would  cost  moi-e  tlian  to  canalize  the  river  for  21-foot 
navigation.  The  latter  method  of  improvement  will,  liowever,  give  a 
channel  which  can  be  navigated  in  less  time  and  with  less  danger  of 
accident  tlian  the  former. 

Referring  to  the  estimates  of  tlie  Mohawk  and  tlie  Champlain 
routes,  it  will  be  noted  that  the  30-foot  waterway  by  the  former  and 
the  21-foot  watei'way  by  the  latter  route  are  the  cheapest  to  con- 
struct. This  apparent  anomaly  is  due  to  the  large  amount  of  rock 
excavation  required  for  the  30-foot  waterway  through  the  divides 
between  the  St.  Lawrence  and  Lake  Champlain  and  between  Lake 
Champlain  and  the  Hudson  River,  and  to  the  large  dimension  of 
prism  required  on  the  21-foot  Mohawk  waterway  to  carry  the  flood 
discharge  of  the  river. 

In  order  to  determine  the  probable  speed  which  can  be  maintained 
by  steamships  on  the  proposed  deep  waterway,  the  Board  has  col- 
lected, as  far  as  possible,  all  the  available  data  relative  to  the  per- 
formance of  steamers  on  the  lakes  and  connecting  channels  and  on 
the  waterways  of  Europe,  and  has  utilized  the  results  to  verify  the 
theoretical  deductions  derived  in  the  discussion  of  the  speed  of  ships 
in  Appendix  No.  4. 

DIMENSIONS   OF   STRUCTURE^ 

The  dimensions  of  lock  structures  have  been  designed  with  refer- 
ence to  the  type  carrier  likely  to  use  the  waterway,  and  to  the  impor- 
tance of  the  amount  of  time  required  to  pass  a  ship  through  the  water- 
wdy  in  relation  to  the  number  of  ships  which  can  be  passed  through 
a  lock  in  a  given  time.  The  time  which  will  be  consumed  by  a  vessel 
in  locking  through  the  system  will  depend  upon  the  number  of  locks 
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and  the  time  reciiiired  at  each,  while  the  mimlxT  whieh  can  \ye  passed 
per  day  will  dtipend  upon  the  avera{,'e  time  required  for  loekaj^e. 

It  is  therefore  evident  that  with  hij;h  lifts  an<l  less  numlMM-of  locks 
the  time  between  terminals  will  be  diminished  ami  the  annual  traffic 
capacity  decreased. 

In  view  of  the  fact  that  the  increase  of  detention  at  lar^'e  lo<'ks  only 
amounts  to  the  additional  time  required  to  fill  the  lock  chamlMM-,  tlie 
Board  is  of  the  opinion  that  the  advantaj,'es  to  be  deriveil  from  (juick 
time  of  transit  through  the  waterways,  and  from  developing  ship- 
building industries  on  the  lakes,  is  of  more  imi)oi'tance  than  a  small 
decrease  in  traffic  capacity. 

In  this  connection  it  may  be  noted  that  the  sailing  time  between 
the  upper  lake  ports  and  the  seaboard  is  less  than  the  running  time 
required  by  freight  trains  between  the  same  terminals. 

The  dimensions  of  lock  structures  which  will  best  subserve  the  traf- 
fic of  the  waterway  and  the  design  of  the  lock  gates  best  adapted  for 
operating  the  locks  have  been  investigated  under  the  direction  of  the 
Board  by  specialists  in  such  construction,  the  results  of  which  aie 
fully  discussed  in  Appendixes  Nos.  1  and  2. 

The  single  locks  which  have  been  designed  for  a  3()-foot  waterway 
are  to  be  740  feet  long,  80  feet  wide,  and  have  lifts  to  confoi-m  with 
the  present  development  of  water  power  on  the  routes.  Where  flights 
of  locks  are  necessary,  a  duplicate  set  is  provided,  having  a  width  of 
CO  feet.  For  a  21-foot  waterwa\',  the  locks,  whether  single  or  double, 
are  to  be  000  feet  long,  00  feet  wide,  and  have  lifts  the  same  as  in  the 
30-foot  waterway.  Consideration  has  been  given  to  the  advisabil- 
ity of  making  the  locks  of  the  21-foot  waterway  80  feet  wide,  for  the 
purpose  of  floatiiiir  largo  ships,  liirlit.  from  the  bik*'  sliiii\;)r<K  to  the 
seaboard. 

At  the  Lewistou  escarpment,  at  the  Long  8ault  Kapids,  on  ihc  St. 
Lawrence,  and  at  Champlain  the  natural  conditions  arc  such  as  to 
make  lifts  of  from  40  feet  to  50  feet  desirable. 

From  the  results  of  the  investigation  of  lock  gates,  discusse<l  in 
Appendix  No.  2,  it  appears  that  steel  double-leaf  mitering  gates,  with 
horizontal  girder  frames,  fulfill  the  requirements  for  wide  locks  with 
high  lifts,  and  this  type  of  gate  has  been  made  the  basis  for  designs 
and  estimates. 

DAMS   AND   SLUICES. 

'I'he  dams  for  the  Mohawk  and  Hudson  rivers  have  been  designed 
with  as  great  a  length  as  the  natural  conditions  will  permit,  f(»r  the 
purpose  of  making  the  range  in  stage  from  high  to  low  water  as  small 
as  possible.  This  range  can  be  still  further  reduced  at  some  of  the 
dams  by  the  use  of  movable  crests  on  the  dams  for  hoUIing  up  the 
level  of  the  pools  during  perijxls  of  low  water. 

At  locations  where  long  dams  are  not  desirable  sluice  gates  of  the 
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Stoiiey  type  are  pi-ovi<led,  for  the  i)iirpose  of  maintaining  full  control 
of  the  river  discharge.  With  four  exceptions,  all  the  dams  can  be 
constructed  on  rock  foundations.  At  the  locations  where  rock  is  not 
available  for  foundations  the  lieads  on  the  dams  will  be  small,  making 
it  easy  to  construct  safe  structures. 

BREAKWATERS. 

At  tlie  Olcott  and  Oswego  terminals  of  the  Niagara  Ship  Canal  and 
of  the  Oswego-Mohawk  route  artificial  harbors  protected  b}^  break- 
waters will  be  necessary.  A  careful  study  has  been  made  of  the  tj^pe 
of  breakwater  ])est  adapted  to  the  conditions  at  these  harbors,  and  the 
result  of  the  investigations  fwe  given  in  Appendix  No.  3. 

CORNELL   EXPERIMENTS. 

In  the  investigations  to  determine  the  volume  of  discharge  of  the 
Oswego,  Mohawk,  and  Hudson  rivers  it  became  apparent  from  the 
start  that  the  existing  data  relative  to  the  flow  of  water  over  dams 
were  inadequate  to  determine  the  discharge  where  the  depth  on  the 
crest  of  the  dam  was  much  o\er  1.5  feet. 

The  uncertainty  as  to  the  value  of  the  coefficient  of  the  weir  formula 
which  should  be  used  for  dams  of  different  cross  sections  and  for  dif- 
ferent depths  on  the  crests  made  it  evident  that  additional  investiga- 
tions would  l)e  necessaiy  before  satisfactory  estimates  could  ])e  made 
of  the  value  of  water-power  rights,  wliich  may  l)e  modified,  or  of  the 
amount  of  slope  walls  and  bank  protection  wliicli  would  be  needed 
between  the  limits  of  the  high  and  low  water  stages  of  the  proposed 
waterway. 

In  the  fall  of  18!>8  the  experiments  of  11.  Bazin,  published  in  the 
Annales  des  Fonts  et  Chaussees  became  available  and  established  the 
coefficients  for  a  great  variety  of  different  shaped  weirs,  but,  unfor- 
tunately, for  depths  of  less  than  1.5  feet  on  the  crests.  Thi-ough  the 
courtesj^  of  Prof.  A.  E.  Fuertes,  director  of  the  College  of  Civil  Engi- 
neering of  Cornell  University,  the  hydraulic  laboratory  of  that  insti- 
tution was  placed  at  the  disposal  of  the  Board,  and  Prof.  Gardner 
S.  Williams,  engineer  in  charge,  in  cooperation  with  Mr.  G.  W.  Rafter, 
acting  for  the  Board,  made  an  extensive  series  of  observations  to 
extend  tlie  coefficients  of  the  Bazin  formula  up  to  depths  of  5  feet  on 
the  crest  of  dams  having  cross  sections  similar  to  those  on  the  Mohawk 
and  Hudson  rivers.  The  results  of  these  observations  are  full}' dis- 
cussed in  Appendix  No.  IfJ. 

BRIDGES. 

The  railroad  and  highway  bridges  for  crossing  the  waterways  are 

designed  for  250  feet  clear  openings  on  the  30-foot  channel  and  240 
feet  on  the  21-foot  channel.  At  most  of  the  crossings  either  swing 
or  bascule  bridges  will  be  required,  but  in  the  case  of  the  New  York 
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Central  Railroad  erosslujjr  near  Uticu  it  will  ])e  neeeswiry  to  change 
the  grade  of  the  railroad  for  a  considerable  distance  an<l  cross  the 
waterway  with  a  fixed  span.  In  a  few  cases  of  highway  crossings, 
where  the  traffic  is  light,  steam  ferries  have  been  provided  for  instead 

of  swing  bj-idges. 

UNIT    PRICES. 

In  establishing  unit  [)rices  for  estimate>  tlif  lloanl  lia>  caictiill^ 
considered  the  prices  paid  on  the  large  works  throughout  the  country 
involving  similar  construction,  and  has  secured  the  advice  and  opin- 
ions of  some  of  the  most  experienced  contracting  engineei-s  in  this 
class  of  woi-k.  It  is  the  opinion  of  the  Hoard  that  the  prices  used 
fairly  represent  the  average  cost  which  will  be  required  to  construct 
the  different  divisions  of  the  waterways  under  normal  conditions  of 
doing  work. 

CONTROL  OF  LAKE  ERIE. 

The  investigation  of  the  subject  of  lake  regulation  has  occupied  ilie 
attention  of  the  Board  since  its  first  organization  in  1897,  and  a  pre- 
liminary report  embodying  the  results  and  conclusions  was  submitted 
in  December,  1809,  and  printed  in  House  Doc.  No.  l*00.  Fifty-sixth 
Congress,  first  session. 

It  was  the  intention  of  the  Hoard  to  give  the  results  of  its  investi- 
gations on  the  subject  in  its  complete  report  on  deep  waterways,  and 
the  discussion  has  therefore  been  embodied  in  the  report  as  Appendix 
No.  G. 

The  regulating  works  in  connection  with  a  ship  canal  from  Lake 
Erie  to  Lake  Ontario  form  a  complete  project  of  improvement  with- 
out the  lock  and  canal  around  the  rapids  at  the  head  of  Niagara  River, 
provided  for  in  the  preliminary  report,  which  has  l)een  omitted  from 
the  accompanying  estimates. 

Under  the  influence  of  varying  relative  supply,  evai)oratiou,  and 
discharge,  the  monthlj'  mean  level  of  Lake  Erie  has  had  an  extreme 
variation  of  4.(5  feet  during  the  past  seventy  yeai"s.  The  low  level 
generally-  occurs  at  a  time  of  year  when  navigation  is  most  active. 
If  the  level  of  tlie  lake  could  be  constantly  nmintained  at  or  near  a 
high  stage,  navigation  would  be  greatly  benefited  by  secui'ing  a  max- 
imum dc'pth  at  the  time  when  it  is  most  needetl  and  i)y  the  practical 
deepening  of  the  lake  harbors. 

To  maintain  the  level  of  a  lake  at  or  near  some  fixed  stage,  the  dis- 
charge must  be  controlled  so  that  it  will  always  be  approximately  equal 
to  the  difference  between  the  supply  of  water  to  the  lake  and  the  evap- 
oration from  its  surface.  In  the  case  of  Lake  Erie  this  can  only  Ije 
accomplished  by  establishing  regulating  works  in  or  near  the  dis- 
charging waterway.  These  works  must  l>e  so  arranged  that  they  will 
not  only  maintain  the  level  of  the  hike  at  or  near  the  fixed  stage 
adopted,  but  also  so  that  they  will  proiluce  no  injurious  effects  upon 
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the  lakes  and  waterways  from  which  a  part  of  the  supply  is  dei'ived  or 
upon  those  which  receive  the  discharge. 

This  is  the  problem  which  the  Board  has  investigated.  For  the 
details  of  its  investigation,  the  methods  employed,  the  data  and  rea- 
soning upon  which  they  are  based,  and  the  results  obtained,  the  Board 
refers  to  the  paper  on  Lake  Regulation,  by  Mr,  George  Y.  Wisner, 
member  of  the  Board,  which  is  appended  to  this  report.  This  paper 
was  prepared  by  Mr.  Wisner  in  consultation  with  the  other  members  of 
the  Board,  and  it  fully  expresses  their  views.  In  this  report,  there- 
fore, it  is  only  necessary  to  give  a  brief  statement  of  the  conclusions 
at  which  the  Board  has  arrived. 

REGULATING   WORKS. 

The  Board  is  of  the  opinion  that  the  best  location  for  works  for  regu- 
lating the  level  of  Lake  Erie  is  at  the  foot  of  the  lake,  just  below  Buf- 
falo Harbor.  The  location  in  the  Niagara  River  below  Tonawanda 
has  been  advocated,  but  the  Board  finds  upon  investigation  that  regu- 
lation by  works  at  this  point  would  be  less  effective  and  much  more 
expensive  than  at  the  adopted  location. 

The  works  projected  by  the  Board  are  designed  to  distribute  the 
discharge  of  the  lake  so  as  to  reduce  its  variation  of  level  to  a  small 
amount.  The  result  can  not  be  attained  by  the  use  of  submerged  fixed 
weirs  only,  and  a  series  of  sluices  is  added  to  secure,  in  combination 
with  fixed  weirs,  the  control  desired.  The  weirs  will  be  constructed 
of  concrete  blocks  and  will  have  an  aggregate  length  of  2,900  feet. 
The  sluices,  13  in  number,  of  the  Stoney  type,  will  each  have  an  open- 
ing of  80  feet,. making  an  aggregate  of  1,040  feet.  The  piers  separat- 
ing the  sluice  openings  will  be  of  substantial,  first-class  masonry.  The 
sluices  can  be  operated  under  rules  easily  formulated,  and,  in  the 
opinion  of  the  Board,  amply  provide  for  conditions  more  unfavorable 
than  any  recorded. 

The  location  of  these  works  and  the  details  of  their  design  are  shown 
on  plates  S4,  85,  80,  and  87.     Their  estimated  cost  is  $796,923. 

EFFECT   UPON    LAKE    ERIE. 

The  extreme  high-water  stage  of  Lake  Erie  is  about  575  feet  above 
tide  water.  The  level  adopted  by  the  Board  for  regulation  is  574.5 
feet,  or  about  0.5  foot  below  the  level  of  extreme  high  water.  This 
is  the  lowest  elevation  at  which  regulation  can  be  effected  without 
enlarging  the  cross  section  of  the  river  at  the  gorge.  Should  it,  for 
any  reason,  be  considered  desirable  to  regulate  the  lake  at  a  lower 
level,  the  desired  result  can  be  accomplished  by  enlarging  the  cross 
section  of  the  river  so  as  to  provide  for  the  maximum  discharge  at 
the  adopted  level. 

The  Board  is  of  the  opinion  that  with  the  works  proposed  the  level 
of  the  lake  can  be  maintained  during  the  season  of  navigation  within 
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about  0.6  foot  l)olo\v  the  level  a(loi)te(l  for  i-ejrulation,  nntler  all  con- 
ditions of  supply  heretofore  recorded.  Considerable  changes  of  level 
due  to  violent  winds  would  l)e  temporary  and  infrequent,  and,  in  the 
opinion  of  the  Hoard,  would  not  seriously  interfere  with  the  regula- 
tion (tf  tlic  lake  level. 

EFFECT   ON   THE    NlACiAKA    ItlNEli. 

The  current  velocities  in  the  Niagara  River,  below  the  point  where 
the  canal  entera  it,  will  not  be  increased  by  the  operation  of  the  reg- 
ulating works. 

EFFECT  ON    LAKE   ONTARIO. 

The  modification  of  the  outflow^  of  Lake  Erie  proposed  for  the  reg- 
ulation of  its  level  will  not  materially  change  the  total  volume  of 
annual  discharge,  and  will  amount  to  only  about  one-fifth  of  the  vari- 
ation of  the  discharge  for  different  years  under  present  conditions. 
The  effect  of  this  modification  upon  Lake  Ontario  will  be  to  slightly 
increase  the  rate  of  rise  in  the  spring  and  make  the  date  of  maximum 
stage  a  little  earlier.  This  will  not  injure  the  navigation  interests  of 
the  lake. 

EFFECT   ON   THE    ST.    LAWRENCE   RIVER. 

The  Board  regrets  that  it  has  been  unable  to  obtain  reliable  data  con- 
necting the  discharge  of  the  St.  Lawrence  River  with  the  vai'ving  levels 
of  Lake  Ontario.  The  modification  of  the  fiow  of  the  Niagara  River 
which  will  be  produced  by  the  proposed  regulating  works  is  so  small, 
when  compared  with  other  causes  of  change  of  level,  that  the  Board 
is  of  the  opinion  that  it  can  not  affect  the  depths  of  the  waterwaj's 
receiving  the  discharge  to  any  material  extent. 

The  effect  of  the  regulation  of  the  level  of  Lake  Erie  herein  pro- 
posed would  be  to  diminish  the  slopes  of  the  Detroit  and  8t.  Clair 
rivers  for  any  given  volume  of  discharge  and  to  redistribute  the  flow. 
In  the  opinion  of  the  Board,  the  result  of  these  changes  would  be  to 
raise  the  low-water  stage  about  3  feet  in  Lake  Erie,  2  feet  in  Lake  St. 
Clair,  and  1  foot  in  Lake  Huron.  This  would  obviously  be  of  iir<'at 
benefit  to  navigation. 

If  the  channel  from  Lake  llui-ou  to  Lake  Erie  should  be  nia«ie  -MJ 
feet  deep  the  low-water  plane  would  be  slightly  lower,  the  difference 
in  level  probably  not  exceeding  0.3  foot. 

CONCLUSION. 

The  Board  is  of  the  opinion  that  works  can  be  established  for  regulat- 
ing the  level  of  Lake  Erie  which  will  be  of  gi-eat  value  to  navigation, 
not  only  in  Lake  Krie,  but  also  in  the  upper  lakes  and  connecting 
waterways,  and  will  be  of  no  injury  to  the  lower  waterways  of  the  lake 
system,  and  that  such  works  can  be  constructed  at  a  cost  which  will 
be  small  coiiipan-d  with  their  benefit  to  commerce. 
IL  Doc.  140 1 
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Ill  arriving  at  these  conclusions  the  Board  has  utilized  all  the  infor- 
mation it  has  been  able  to  obtain  within  the  period  covering  its  inves- 
tigations. Additional  observations  are  needed  for  more  precise  deter- 
minations of  the  probable  effects  of  regulation  upon  the  levels  of  the 
St.  Clair,  Detroit,  and  St.  Lawrence  rivers,  and  the  probable  condi- 
tions of  flow  from  the  upper  lakes.  The  Board  is,  however,  of  the 
opinion  that  the  uncertainties  arising  from  this  lack  of  complete  data 
are  fully  covered  by  the  ample  provision  made  for  varying  the  dis- 
charge at  the  regulating  works. 

Attention  is  invited  to  the  fact  that  the  project  is  of  international 
character,  and  can  only  be  carried  out  after  agreement  between  the 
United  States  and  Canadian  Governments. 

NIAGARA  SHIP  CANAL. 

The  project  for  a  waterway  from  the  lakes  to  the  Atlantic  suitable 
foi-  transporting  the  commerce  of  the  upper  lakes  has  prominently 
attracted  public  attention  for  nearly  a  century,  during  which  time  the 
citizens  of  New  York  have  maintained  that  such  waterway  must  be 
built  directly  across  the  State,  as  an  aid  in  building  up  the  financial 
and  commercial  supremacy  of  New  York  City,  while  the  people  farther 
west  have  insisted  that  the  canal  should  be  constructed  on  tlie  route 
best  adapted  for  transporting  the  commerce  of  the  country  tributary 
to  the  lakes. 

In  1812  the  governor  and  judges  of  the  Territory  of  Michigan  resolved 
unanimously  "that  in  their  oijinion  the  canal  contemplated  by  the 
commissioners  of  internal  navigation  in  the  State  of  New  York  from 
Black  Rock  to  Rome  would  not  be  so  desirable  as  a  canal  around  the 
cataract  of  Niagara  and  anotlier  b}^  the  falls  of  Oswego."  In  regard 
to  which  the  New  York  commissioners  reported  that  "they  had  too 
much  respect  for  these  gentlemen  to  suppose  the}'  would  have  given 
their  opinion  without  information  and  consideration,  and  therefore 
must  infer  that  the  information  received  was  not  founded  in  fact,  or 
that,  not  having  habitually  turned  their  attention  to  objects  of  this 
sort,  they  were  not  so  Avell  qualified  to  judge  as  the  consciousness  of 
intelligence  respecting  matters  more  familiar  to  their  minds  may  have 
led  them  to  suppose." 

It  was  then,  and  is  still,  openlj^  admitted  that  the  St.  Lawrence  River 
is  the  natural  outlet  and  the  line  of  least  resistance  for  a  waterway 
from  the  Great  Lakes  to  tide  water,  but  that  for  New  York  State  to 
permit  such  canal  to  be  built  would  be  to  commit  commercial  suicide. 

The  advocates  of  this  tlieorj^  have  left  out  of  consideration  the  fact 
that  the  larger  portion  of  the  commerce  between  the  lakes  and  tide 
water  is  of  a  domestic  nature  and  that  the  only  benefits  to  be  derived 
from  export  traffic  through  a  port  are  those  from  levjang  tribute  on  the 
foreign  commerce  of  a  neighboring  State. 

It  is  an  established  fact  that  a  waterway  of  sufficient  capacity  to 
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transport  the  tonnage  of  the  lakes  to  the  sea  can  be  constructed  via 
Lake  Ontario  ft)r  less  cost  than  by  any  otlier  route,  and  that  a  steamer 
will  traverse  it  in  about  three-quarters  the  time  required  on  a  direct 
waterwaj'  of  similar  dimensions  from  Lake  Erie  to  the  Mohawk  at 
Utica.  If,  therefore,  the  object  desired  is  to  develop  a  waterway 
which  will  best  subserve  the  interests  of  the  lake  commerce,  it  is 
apparent  that  the  route  should  be  through  Lake  Ontario  and  that  a 
ship  canal  from  Lake  Erie  to  Lake  Ontario  should  be  an  essential 
part  of  it. 

PHYSICAL   CHARACTERISTICS  OF  ROUTE. 

The  physical  conditions  and  the  obstacles  to  be  overcome  in  con- 
structing a  waterway  from  Lake  Erie  to  Lake  Ontario  are  similar  for 
all  of  the  proposed  routes. 

From  Lake  Erie  to  the  proposed  site  for  Lock  No.  1  the  canal  prism 
will  have  to  be  excavated  through  a  limestone  ridge,  with  the  surface 
of  rock  varying  from  10  feet  to  31  feet  below  mean  level  of  the  lake. 

From  Lock  No.  1  to  Touavvanda  the  prism  of  the  waterway,  where 
below  bottom  of  the  river,  will  be  through  sand  and  gravel  except 
opposite  Strawbeny  Island,  where  rock  is  found  above  grade. 

From  Tonawanda  to  Lasalle  the  surface  of  the  shale  ridge  is  from  10 
feet  to  20  feet  below  the  low- water  level  of  the  river.  The  land  grad- 
ually rises  from  the  river  to  the  top  of  the  escarpment,  extending  from 
above  Lewiston  to  Lockport,  with  an  average  elevation  of  about  020 
feet  above  mean  tide  at  New  York. 

A  little  west  of  Lockport  a  narrow  ravine,  known  as  the  "Gulf," 
cuts  through  the  escarpment,  which  has  been  generally  regarded  as 
the  best  location  for  locking  down  to  the  lower  plateau.  Compara- 
tive estimates,  based  on  accurate  surveys,  indicate  that  a  better  line 
can  be  located  west  of  the  "  Gulf,"  on  which  the  waterway  can  be 
constructed  at  less  cost. 

From  the  foot  of  the  escarpment  at  Lockport  the  plateau,  consisting 
of  red  shale,  gradually  falls  toward  Lake  Ontario. 

The  top  of  the  escarpment  above  Lewiston  has  practically  the  same 
elevation  as  at  Lockport,  but  has  a  steeper  incline  toward  Lake  Onta- 
rio than  the  latter.  The  construction  of  a  waterwaj'  by  either  route 
will  involve  the  construction  of  locks  having  high  lifts. 

On  the  Lewiston  route  the  Niagara  Kiver  constitutes  a  fii-st-class 
natural  harbor  for  the  Lake  Ontario  terminal,  whereas  for  all  the 
other  routes  shown  on  plate  92  artificial  harbors  will  have  to  bo  con- 
structed. 

The  total  fall  from  the  plane  of  the  propos(Ml  regulated  stage  of  Lake 
Erie  to  that  of  standard  low  water  in  Lake  Ontario  is  330  feet. 

The  plane  of  standard  low  water  is  that  adopted  in  the  report  of  the 
Deep  Waterway'  Commission  of  18!t(j,  and  is  that  stage  "at  or  below 
whicli  montlilv  in<>;m  wati'i-  has  stood  not  iiHtif  than  an  airirroirati*  of 
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ten  months  during  the  season  of  navigation  out  of  the  aggregate  of 
18  lowest  monthly  mean  waters  occurring  between  18G0  and  1895." 

FORMER  SURVEYS  AND  EXAMINATIONS. 

Five  surveys  and  10  different  estimates  liave  been  made  for  an 
American  canal  from  Lake  Erie  to  Lake  Ontario,  in  seven  of  which 
two  different  routes  have  been  considered,  one  from  Niagara  River 
above  the  falls  to  Lewiston,  and  thence  by  the  Niagara  River  to  Lake 
Ontario;  and  the  other  from  Tonawanda  to  Lake  Ontario  at  Olcott. 
All  these  surveys  and  estimates  contemplated  the  use  of  Niagara  River 
from  Lake  Erie  to  the  entrance  of  the  canal  as  a  part  of  the  route, 
but  as  the  natural  low-wate;r  depth  at  the  head  of  the  river  is  onlj'  17 
feet,  mean  stage,  anj^  greater  depth  of  water  would  necessitate  the 
deepening  of  the  outlet  of  the  lake  or  a  canal  around  the  rapids. 
Since  to  deepen  the  outlet  would  lower  the  general  level  of  Lake  Erie, 
a  canal  around  the  rapids  is  the  only  method  by  which  a  deep  water- 
way can  be  constructed  without  reducing  the  depths  of  lake,  liarbors, 
and  channels. 

The  estimate  of  $23,617,000  made  in  1889  for  a  waterway  100  feet 
wide  and  20.5  feet  deep  from  Tonawanda  to  Olcott,  did  not  include 
anything  for  the  improvement  of  the  head  of  the  river,  and  therefore 
does  not  constitute  a  complete  project  for  a  deep  waterway  between 
Lakes  Erie  and  Ontario.  All  comparative  surveys  indicate  that  the 
route  via  Lewiston  and  Niagara  River  could  be  constructed  at  less 
cost  than  any  of  the  lines  direct  to  Lake  Ontario,  but  for  various  rea- 
sons the  route  from  Tonawanda  to  Lake  Ontario  at  Olcott  has  gener- 
ally been  preferred. 

The  basis  on  which  the  comparative  merits  of  the  two  routes  should 
be  established  is  the  relative  cost  of  construction  and  annual  main- 
tenance of  the  respective  waterways,  and  the  time  required  by  a  type 
carrier  of  given  speed,  in  open  water,  to  pass  over  the  waterways 
between  points  common  to  both  lines. 

DEEP    WATERWAY'   SURVEY. 

A  party  was  organized  under  the  direction  of  the  Board  by  Mr.  C. 
L.  Harrison,  C.  E.,  in  September,  1897,  for  making  surveys  and  exam- 
inations for  developing  projects  for  21-foot  and  30-foot  waterways 
between  Lake  Erie  and  Lake  Ontario.  The  topograph}^  of  the  coun- 
try was  determined  with  reference  to  developing  contours  at  2-foot 
intervals  on  the  final  maps.  All  buildings,  fences,  roads,  creeks,  cul- 
verts, bridges,  timber  land,  and  railroads  were  located,  and  the  width, 
depth,  cross  section,  and  volume  of  flow  of  streams  for  high,  low,  and 
medium  stages  determined  wherever  possible. 

Borings  were  made  at  such  intervals  and  depths  as  were  necessary 
to  determine  the  elevation  of  the  surface  of  rock,  where  above  grade, 
and  the  kind  of  material  to  be  excavated,  and  a  sufficient  number  of 
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diamond-drill  holes  were  bored  to  establish  the  strike  and  dip  of  the 
rock  strata,  the  natur<»  of  the  rock  to  l)e  excavated,  and  the  character 
of  foundations  wheie  structures  were  to  be  located. 

The  routes  and  limits  of  the  section  of  country  to  be  covered  by  the 
surveys  were  fixed  by  a  reconnoissance  made  ])y  the  Board. 

The  two  routes  investigated  commence  at  deep  watei-  in  Lake  Erie, 
off  the  entrance  to  Buffalo  Harbor,  and  running  through  Black  Rock 
Harbor  to  near  the  head  of  Squaw  Island^  lock  down  to  the  level  of 
the  river  below  the  rapids,  and  then  follow  the  general  course  of  the 
river  to  Tonawanda  and  Cayuga  Island,  at  which  points,  respectively, 
the  two  waterways  leave  the  river. 

LASALLE-LEWISTON   ROUTE, 

This  route  starts  from  Lake  Erie  at  an  elevation  corresponding  to 
the  proposed  regulated  stage  for  the  lake*  (574.5  feet)  and,  lock- 
ing down  into  the  river  below  the  rapids  on  the  same  line  as  the 
Tonawanda-Olcott  route,  continues  down  the  river  to  the  head  of 
Cayuga  Island,  and  thence  on  a  tangent,  with  a  low- water  level  of 
5r»3.5  feet,  to  within  a  half  mile  of  the  foot  of  Lock  No.  2,  at  the  head 
of  the  escarpment  above  Lewiston.  From  the  top  of  the  escarpment 
the  route  passes  down  the  bluff  to  the  Niagara  about  a  half  mile  ])elow 
Lewiston,  with  <;  double  locks  of  40  feet  lift  each  and  2  double  locks 
of  ;J!».4  feet  lift  each.  The  fall  of  the  river  from  the  foot  of  Lock 
No.  t»  to  Lake  Ontario  (6  miles)  is  about  0.2  foot,  making  the  total  lock- 
age and  slope  from  Lake  Erie  to  Lake  Ontario  330  feet. 

The  elevation  of  the  top  of  the  ridge  above  Lewiston  at  tlie  point 
of  maximum  cutting  is  620  feet  above  tide  water,  or  50.5  feet  above 
the  proposed  low- water  surface  of  the  canal,  and  for  a  distance  of  0 
miles  the  prism  of  the  waterway  is  entirely  in  rock. 

MATERIAL  TO   BE  EXCAV.VTED. 

From  deep  water  in  Lake  Erie  to  the  foot  of  Lock  No.  1,  at  the  head 
of  Squaw  Island,  1.8  miles  below  site  of  the  regulating  work,  there  is 
a  ridge  of  hard  limestone  almost  entirely  bare,  except  in  Black  Rock 
Harbor,  wheie  it  is  covered  witli  sand,  gravel,  and  clay.  Below  Lock 
No.  1  the  rock  drops  below  grade,  and,  with  the  exception  of  alH)ut 
a  mile  opposite  Strawberry  and  Frog  islands,  does  not  intoi-fci-e  with 
30-foot  navigation  of  the  river  above  Tonawanda. 

From  Tonawanda  to  Lasalle,  al)out  4  miles,  rock  composed  of  Salina 
shales  is  from  10  feet  to  20  feet  below  water  level,  and  from  Lasalle 
to  the  escarpment  al)Ove  Lewiston  (7.5  miles)  the  excavation  will  be 
in  Niagara  limestone  overlaid  with  clay,  sand,  and  gravel. 

The  excavation  for  the  six  double  locks  down  the  escarpment  will 
be  through  limestone,  sandstone,  and  shales,  and  from  the  foot  of 

'  Estimates  have  been  made  for  level  of  Lake  Erie  regulated  and  for  standard 
low  stage  of  the  lakes. 
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this  flight  to  the  Niagara  River  the  cutting  will  be  in  shales  covered 
to  about  one-half  the  depth  of  the  cut  with  sand,  gravel,  clay,  and 
bowlders. 

Five  diamond-drill  holes  were  put  down  along  the  alignment  of 
the  proposed  route  to  determine  the  character  of  the  material  to  be 
excavated  and  the  nature  of  the  foundations  where  structures  are  to 
be  located. 

The  limestone,  sandstone,  and  shales  between  Niagara  River  and 
the  foot  of  Lock  No.  7  will  probably  cost  about  the  same  per  cubic 
yard  to  excavate,  but  from  Lock  No.  7  to  the  lower  end  of  the  canal 
the  rock  is  a  soft  shale  and  can  be  taken  out  for  about  three-fourths 
the  unit  price  for  excavating  limestone. 

From  the  lower  end  of  the  canal  to  Lake  Ontario  (G  miles)  the  river 
is  from  40  feet  to  60  feet  deep  and  forms  one  of  the  finest  harbors  on 
the  Lakes.  The  bar  in  Lake  Ontario  outside  of  the  entrance  to  the 
river  has  a  depth  on  its  crest  of  24  feet  at  standard  low  water,  and  is 
composed  of  sand  and  gravel. 

STREAMS  CROSSED. 

Three  small  streams,  Cayuga  Creek,  Gill  Creek,  and  Fish  Creek,  are 
intersected  by  the  proposed  w^aterway.  Tliese  streams  have  little  or  no 
flow  during  dry  periods,  but  at  times  of  high  water  they  carry  the  drain- 
age of  about  63  square  miles  of  adjacent  country.  Provision  has  been 
made  for  taking  the  discharge  of  these  creeks  into  the  canal  over  the 
crests  of  long  weirs. 

Six  miles  of  double-track  and  3  miles  of  single-track  railroad  will 
have  to  be  relocated  and  constructed,  and  four  railroad  swing  bridges 
and  one  railroad  fixed  bridge  provided  for  crossing  the  waterway  and 
also  three  highw^ay  swing  bridges  and  one  steam  ferry  for  the  accom- 
modation of  highway  traffic. 

Power  for  operating  the  locks  and  lighting  the  waterway  may  be 
developed  by  taking  water  in  pipes  from  the  canal  above  Lock  No.  2 
and  carrying  it  to  a  power  house  opposite  Lock  No.  7,  from  the  wheel 
pit  of  which  the  water  can  be  wasted  through  a  tailrace  into  the  river. 

By  this  arrangement  Locks  Nos.  2,  3,  4,  5,  6,  and  7  can  be  drained 
directly  into  the  river,  thus  avoiding  all  pumping  plant  for  the  main 
flight  of  locks  down  the  escarpment.  Lock  No.  8  can  be  drained 
when  necessary  into  Lock  No.  9,  but,  as  the  canal  prism  below  the  lat- 
ter is  lower  than  the  river,  a  pumping  plant  will  have  to  be  provided 
for  emptying  it  for  making  repairs. 

MATERIALS   FOR  CONSTRUCTION. 

All  the  stone  necessary  for  retaining  walls,  slope  walls,  back  fill, 
and  concrete  may  be  obtained  from  the  excavation  between  Cayuga 
Island  and  the  top  of  the  escarpment,  but  sand  will  probably  have  to 
be  brought  to  the  works  from  either  Lake  Erie  or  Lake  Ontario. 
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Tho  total  lonjrth  of  the  waterway  from  tlie  site  of  the  proposed  re^n- 
latiug  works  at  the  foot  of  Lake  Erie  to  Lake  Ontario  is  30.5  miles,  of 
which  18.9  miles  is  river  channel,  600  feet  or  more  in  width,  and  ILG 
miles  of  the  adopted  standard  canal  section. 

The  plans  for  structures  are  shown  on  plates  68  and  69. 

Estimates  for  SiJ-foot  channel. 
Lake  Erie  regulated: 

Excavation... $42,335,142 

Retaining  walls,  slope  walls,  and  back  fill 1,640,928 

Railroad  changes * 363, 424 

Right  of  way 1,185.050 

Bridges  and  ferries 1,212,532 

Cribs  at  lotk  approaches 210. 599 

Locks 18,437,004 

Operating  plant 600,000 

Buffalo  waterworks  tunnel 30.000 

Entrance  of  streams 20,255 

Regulating  works 796,923 

66.831.857 
Engineering,  superintendence,  and  contingencies,  10  per  cent ' . . ,      6, 603, 493 

Total 73,435,350 


Standard  low  water: 

Excavation , 44,552.322 

Retaining  walls,  slope  walls,  and  back  fill 1 ,  640, 928 

Railroad  changes 363. 424 

Right  of  way - 1,185,0.50 

Bridges  and  femes. 1,212.532 

Cribs  at  lock  approaches 210,599 

Locks 18,443.484 

Operating  plant 600,000 

Buffalo  waterworks  tunnel 30,000 

Entrance  of  streams .- 20.255 

68, 258. 594 

Engineering,  superintendence,  and  contingencies,  10  per  cent 6, 825, 859 

Total 75,084.453 

Estimates  for  :21-foot  chantiel. 
Lake  Erie  regulated: 

Excavation $20,615,492 

Retaining  walls,  slope  walls,  and  back  fill 1,281.985 

Railroad  changes 363. 424 

Right  of  way..- 1,185.050 

Bridges  and  ferries 1,129,403 

Cribs  at  lock  approaches                   .   294.995 

Locks ^                                     -.-- 12,294.196 

Operating  plant  , .                                                              6<X).  000 

Entrance  of  streauia 20,255 

'  The  estimate  for  regulating  works  already  contains  cost  of  engineering,  super- 
intendence, and  contingencies. 


56  DEEP   WATEEWAYS. 

Lake  Erie  regulated— Continued. 

Buffalo  waterworks  tunnel §30,000 

Regulating  works 796, 923 

38,611.733 

Engineering,  superintendence,  and  contingencies,  10  per  cent ' . . .  3, 781, 480 

Total - - -- 42.393,203 


Standard  low  water: 

Excavation... $22,079,979 

Retaining  walls,  slope  walls,  and  back  till. 1.281,985 

Railroad  changes  363. 424 

Right  of  way 1.185,050 

Bridges  and  ferries 1, 129,403 

Cribs  and  lock  approaches  ...' 294, 995 

Operating  plant 600.000 

Lock 12,300,676 

Entrance  of  streams  . . 20,  255 

Buffalo  waterworks  tunnel .  30. 000 


39, 285, 767 
Engineering,  superintepdence,  and  contingencies.  10  per  cent 3, 928, 577 

Total 43,314,344 

THE   TONAWANDA-OLCOTT   ROUTE. 

This  route  follows  the  same  line  as  the  Lasalle -Lewiston  route  from 
Lake  Erie  to  Tonawanda,  at  which  i^lace  it  leaves  tlie  Niagara  River 
at  the  head  of  Tonawanda  Island,  with  an  elevation  of  5G5  feet  above 
tide  water  at  New  York  for  low  stage  of  the  river,^  and  continues  at 
that  level  13.2  miles  to  the  head  of  the  escarpment  west  of  Lockport, 
where  the  ridge  to  be  cut  through  has  an  elevation  of  <)3C  feet  above 
tide  Avater,  or  71  feet  above  the  water  surface  in  the  canal.  From 
the  top  of  the  escarpment  the  line  descends  to  Lake  Ontario,  11.2 
miles,  with  two  single  and  three  double  locks  of  40  feet  lift  each,  one 
single  lock  with  30.5  feet  lift,  and  three  double  locks  each  with  30 
feet  lift. 

At  a  distance  about  1  mile  above  Lake  Ontario  the  line  enters  the 
gorge  of  Eighteenmile  Creek  and  follows  it  to  the  lake. 

The  proposed  harbor  at  Olcott  consists  in  widening  Eighteenmile 
Creek  to  the  width  of  400  feet  from  the  last  lock  of  tlie  canal  to  the 
lake,  and  protecting  the  entrance  by  breakwaters,  as  shown  on  figures 

^  The  estimate  for  regulating  works  already  contains  cost  of  engineering,  etc. 

^AU  elevations  for  the  survey  of  the  Niagara  ship  canal  are  referred  to  the  bench 
mark  established  by  the  United  States  engineers  on  the  light-house  at  Buffalo, 
of  which  the  elevation  is  given  as  589.807  feet  above  mean  tide  at  New  York. 

The  difference  in  level  of  the  United  States  bench  marks  at  Greenbush  and 
Oswego  has  been  redetermined  by  the  parties  making  the  deep-water  .vay  survey, 
but  as  there  is  some  doubt  as  to  the  correct  difference  of  level  between  Greenbtish 
and  tide  water  and  between  the  Oswego  and  Buffalo  bench  marks,  it  has  been 
deemed  advisable  to  adopt  the  plane  of  reference  used  in  previous  reports. 
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7  to  12,  inclusivo,  Appendix  No.  3.  'I'Ik*  lak«'  in  front  i)f  tlu^  <-anal 
entnince  i-i  sliallow,  witli  a  shal«'  i-ook  holloni,  which  will  have  to  he 
excavated  for  a  widtli  of  fiOo  feet  and  for  the  required  depth. 

Three  diamond-drill  holes  were  put  down  near  the  top  of  the  escarj)- 
nient  to  determine  the  strike,  dip,  and  elevation  of  tlie  different 
kinds  of  rock  strata  wliich  would  be  eut  by  the  excavation  for  the 
waterway. 

The  strike  of  tlie  i-ock  is  a[)proxiniat:ely  parallel  to  the  top  of  the 
ridge  extending  toward  Lewiston  and  lias  a  dip  to  the  south  of  about 
5.6  feet  per  1,000  feet. 

MATERIALS   TO   BE  EXCAVATED. 

Between  Buflfalo  and  the  escarpment  at  Locki)ort  the  rock,  where 
above  bottom  grade  of  the  waterway,  is  composed  of  either  limestone 
or  Niagara  shale,  overlaid  with  silt,  sand,  gravel,  clay,  or  liardpan. 
From  Lock  No.  -,  at  head  of  the  escarpment,  to  the  foot  of  Lock  No.  5, 
the  excavation  will  be  through  limestone,  sandstone,  and  shale,  and 
from  Lock  No.  5  to  Lake  Ontario  the  prism  of  the  canal  will  be  through 
soft  red  shale,  overlaid  with  sand,  gravel,  clay,  or  hardpan,  for  about 
one-half  the  depth  of  the  cut.  (For  details  of  these  materials  see 
Appendix  No.  18.)  The  limestone  and  Niagara  shale  south  of  the 
escarpment  will  i)robal)ly  cost  about  the  same  per  cubic  yard  to  exca- 
vate, and,  for  similar  conditions,  the  red  shale  between  the  escarp- 
ment and  Lake  Ontario  can  be  taken  out  for  about  three-quartei-s  of 
the  unit  price  for  excavating  the  limestone. 

STRUCTURES. 

The  locks  designed  and  estimated  are  to  be  of  the  standard  type 
shown  on  plates  08  and  G'.i,  and  descril^ed  in  Api)endix  No.  1. 

A  plant  for  generating  power  by  electricity  or  compressed  air  for 
lighting  and  operating  tlie  canal  from  Lock  No.  2  to  Lake  Ontario  may 
be  installed  by  taking  water  from  the  canal  above  Lock  No.  -2  and 
leading  it  through  a  tunnel  and  pipes  to  a  power  house  near  the  bot- 
tom of  the  ''Gulf,"  about  1,200  feet  east  of  Station  1200,  and  using  the 
"Gulf"  and  Eighteen-Mile  Creek  for  a  tail  race.  At  Lock  No.  1  and 
vicinity,  power  for  lighting  the  canal  and  operating  gates,  valves,  and 
pumps  may  be  generated  near  the  lock  site  or  obtained  by  lease  from 
the  power  companies  at  Niagara  F.ills. 

All  railroad  and  highway  bridges  are  estimated  for  a  clear  oj^ening 
of  250  feet  between  piers,  for  tlie  standard  tyi)es  descri])e<l  elsewhere, 
and  for  the  locations  given  in  the  report  of  the  assistant  engineer  in 
charge  of  the  survey.     (Appendix  No.  10.) 

Stone  retaining  walls,  slope  walls,  and  concrete  may  l)e  obtained 
from  the  excavations,  but  sand  will  pro))ably  have  to  1m»  brouglit  from 
either  Lake  Erie  or  Lake  Ontario. 

The  tof;il  length  of  watei-w;i\-  fi'oiii  the  pi'oposed  leirulat  Imlt  works  at 
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the  foot  of  Lake  Erie  to  the  shore  of  Lake  Ontario  at  Olcott  is  35.9 

miles,  of  whicli  9.9  miles  is  improved  river  channel  and  26  miles  is 
of  standard  canal  section. 

Estimates  for  30-foot  channel. 
Lake  Erie  regulated: 

Excavation $39, 573,  o25 

Retaining  -walls,  slope  walls,  and  back  fills 3, 917, 583 

Embankment .' 94, 853 

Railroad  changes 199,  G40 

Diversion  of  streams. 68,943 

Right  of  way 2,254,835 

Bridges  and  ferries 2, 072, 190 

By-passes. 39,585 

Locks 17,553.779 

Cribs  at  lock  approaches 888,933 

Operating  plant 700,000 

Olcott  Harbor 584,705 

Regulating  works 796,923 

Buffalo  waterworks  tunnel 30, 000 

68, 747, 493 

Engineering,  superintendence,  and  contingencies,  10  per  cent ' 6,  797, 757 

Total 75,572,250 

Standard  low  water: 

E.xcavation 41,789,705 

Retaining  walls,  slope  walls,  and  back  fill 3, 917, 583 

Embankment 94,853 

Railroad  changes. 199,640 

Diversion  of  streams 68, 943 

Right  of  way 2,254,835 

Bridges  and  ferries 2,072, 190 

By-passes 39,  585 

Locks 17,560.259 

Cribs  at  lock  approaches 888,932 

Lock  operating  plant 700. 000 

Olcott  Harbor 584,705 

Buffalo  waterworks  tunnel 30. 000 

70,201.230 

Engineering,  superintendence,  and  contingencies,  10  per  cent 7, 020, 123 

Total 77,221,353 

Estimates  for  ^l-foot  channel. 
Lake  Erie  regulated: 

Excavation $22,213,215 

Retaining  walls,  slope,  and  back  fill. 3,126,243 

Embankment  ..   . .... _  85.635 

Railroad  changes 199.640 

Diversion  of  streams 68,943 

Right  of  way 2, 254, 835 

'  Estimate  for  regulating  works  already  contains  cost  of  engineering,  superin- 
tendence, and  contingencies. 
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Lake  Erie  regulated— Continu*  d. 

Bridges  and  ft'iries $1,919,240 

By-pass(  8  39.585 

Locks  —        _      M  (U)0. 601 

Cribs  at  lock  approaches  . .    .   790, 120 

Lock-operating  machinery .  TOO.  000 

Olcott  Harbor 290, 334 

Buffalo  regulating  works.  .^    .                                 790.923 

Buffalo  waterworks  tunnel 30. 000 


44.121.314 

Engineering,  superintendence,  and  contingencies, -10  per  cent ' . . .      4, 332. 439 


Total... _ 48.4r>3.753 


Standard  low  water: 

Excavation .... ::.>:5.  (577.  702 

Retaining  walls,  slope,  and  back  fill ;.  120.243 

Embankment  . .    85. 035 

Railroad  changes 199.640 

Diversion  of  streams .   68. 943 

Right  of  way.    ....    2.254.835 

Bridges  and  ferries 1 .  919. 240 

By-passes _ 39, 585 

Locks 11.007.081 

Cribs  at  lock  approaches 790. 120 

Lock-operating  plant    .     . . 700. 000 

Olcott  Harbor 296.  :334 

Buffalo  waterworks  tunnel ....  30. 000 


44, 795. 358 
Engineering,  superintendence,  and  contingencies,  10  per  cent       .       4. 479. 536 


Total  49,274.894 

RELATIVE  VALUE  OF  ROUTES. 

Referring  to  the  above  estimates  for  the  Tonawanda-Olcott  route 
it  will  be  noted  that  it  exceeds  the  estimated  cost  of  the  Lasalle- 
Lewiston  route  by  ><''>. ()(;(),.')5()  foi-  a  -Jl-foot  <'ha!ni»'l  and  *-J.  I. ■>''.. '""i  for 
a  30-foot  channel. 

Following  tlie  metliod  develuj)ed  in  Appendi.x  No.  4,  on  sjiccd  of  ships 
in  the  proposed  deep  waterway,  it  is  found  that  a  steamship  of  19 
feet  draft  in  the  21-foot  channel  would  consume  one  hour  and  nine 
minutes  more  time  between  l^uffalo  and  a  point  common  lo  the  two 
routes  in  Lake  Ontario  in  traversing  the  Tonawanda-Olcott  waterway 
than  by  the  Lasalle-Lewiston  route,  and  that  in  a  30-foot  channel  a 
steamship  of  27-feet  draft  would  be  one  hour  and  forty-three  minutes 
longer  by  the  Tonawanda  route. 

Since  the  cost  of  maintenance  of  the  Lewistou  waterway  wouM  \h^ 
less  than  for  the  route  from  Tonawanda  to  Olcott,  the  interest  and 

'Estimate  for  regulating  works  already  contains  cost  of  engineering,  superin- 
tendence, and  contingencies. 
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expense  account  will  be  much  less  for  the  former,  and  as  the  actual 
time  saved  by  a  steamship  on  the  Lewiston  route  would  be  from  11  to 
16  per  cent  of  the  time  of  passage,  it  is  evident  that  both  economy 
in  construction  and  cost  of  transportation  definitely  determine  the 
Lewiston  waterway  as  the  ijreferable  route. 

In  the  discussion  of  deep-waterway  routes  to  the  sea  in  this  report, 
whatever  route  out  of  Lake  Ontario  maj'  be  considei-ed,  all  estimates 
of  cost  of  construction,  transportation,  and  times  of  passage  for  ships 
of  different  speeds  and  dimensions  will  be  based  on  the  use  of  the 
Lasalle-Lewiston  route. 

OSWEGO-MOHAWK  ROUTE. 

The  development  of  a  project  for  a  deep  waterway  from  Lake  Onta- 
rio to  the  Hudson  via  the  Oswego  and  Mohawk  rivers  is  complicated 
with  more  difiicult  conditions  than  any  other  part  of  the  proi)osed 
route  from  the  lakes  to  the  sea.  Not  only  must  a  channel  be  located 
which  may  be  easily  and  safely  navigated,  but  water  must  be  fur- 
nished during  dry  periods  with  which  to  float  and  lock  ships  through 
the  waterway,  the  river  channels  must  be  canalized  and  rectified  so 
as  to  carry  the  flood  waters  at  times  of  high  stages  without  injury  to 
the  banks  or  delay  to  navigation,  and  the  numufacturing  enterprises 
depending  upon  the  water  power  at  the  various  dam  sites  must  have 
their  water  privileges  interfered  with  the  least  possible. 

PHYSICAL  CHARACTERISTICS  OF  ROUTE. 

The  Oswego  River  from  Lake  Ontario  to  Fulton,  where  the  line 
leaves  the  river,  is  a  series  of  rapids  over  sandstone  reefs,  and  has  an 
average  fall  of  over  8  feet  per  mile.  The  divide  between  the  Oswego 
River  at  Fulton  and  Oneida  Lake  consists  of  extensive  swamps 
between  sand  ridges  rising  20  feet  to  50  feet  above  the  level  of  the 
lake. 

East  of  Oneida  Lake  the  land  gradually  rises  to  the  vicinity  of 
Rome,  where  it  has  an  elevation  of  about  430  feet  above  tide  water, 
and  64  feet  above  the  level  proposed  for  this  improved  low-water 
stage  of  Oneida  Lake. 

From  Rome  to  Frankfort  the  profile  of  the  Mohawk  Valley  has  a 
very  even  slope  to  the  east,  and  at  the  latter  jilaee  has  about  the  same 
elevation  as  the  low-water  surface  of  Oneida  Lake.  Between  Frank- 
fort and  Schenectady  the  numerous  streams  tributary  to  the  river 
increase  the  flood  discharge  to  such  an  extent  that  any  waterway 
designed  for  safe  navigation  and  to  carrj-  the  river  discharge  without 
erosion  of  the  banks  must  have  a  gradually  increasing  cross  section 
downstream. 

Below  the  bend  of  the  river  known  as  "Little  Nose,"  about  6 
miles  above  Fultonville,  the  volume  of  flow  at  times  of  high  water  is 
such  that  an  economical  cross  section  for  carrying  the  discharge  at  a 
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velocity  of  less  than  4  feet  per  second  becomes  pnK'tically  the  nnme 
for  21-foot  and  'JO-foot  waterways. 

From  Schenectady  to  tlie  Hudson  th<*  line  crosses  the  divi<le  l)Otween 
the  rivers  at  South  Schenecta<ly  and  tlieii  locks  down  the  valley  of 
Normans  Kill. 

The  sui'vevs  and  investigations  were  made  by  three  different  field 
parties,  viz:  One  under  the  direction  of  Mr.  A.  J.  Himes,  assistant 
engineer,  on  the  work  of  tlie  western  division  between  Oswego  and 
Herkimer;  another,  nnder  the  cliarge  of  Mr.  1).  .1.  Howell,  assistant 
engineer,  on  the  survey  of  the  eastern  division  1)etween  Herkimer  and 
the  Hndson,  and  a  party  nnder  the  direction  of  Mr.  Oeorge  W.  Rafter, 
C.  E.,  organized  to  investigate  and  report  on  the  sources  and  quantity 
of  availal)le  water  supply  for  the  waterway. 

The  results  of  the  investigations  of  these  different  parties,  wliile 
complete  in  themselves,  must  be  regarded  as  constituting  a  single 
project. 

The  investigations  at  the  start  contemplated  the  improvement  of 
the  Oswego  River  by  locks  and  dams  from  Oswego  to  Phoenix,  and  a 
similar  improv'ement  of  the  Mohawk  River  from  Utica  to  the  Hudson, 
with  a  ship  canal  connecting  the  upper  terminals  of  these  caimlized 
streams.  During  the  progress  of  the  work,  howe^■er,  it  became 
apparent  that  deviations  could  be  made  near  Oswego,  Fulton,  and 
Schenectady  whereby  about  S25, 000,000  could  be  saved  in  the  cost  of 
construction  and  the  waterway  shortened  several  miles,  leaving  the 
principal  water-power  privileges  undi.sturbed. 

Two  different  ])rojects  for  the  connecting  waterway  from  the  Oswego 
to  the  Mohawk  have  been  examined — one  for  a  summit  level  at  an 
elevation  of  410  feet  above  tide  water,  with  a  water  supply  to  be  car- 
ried through  a  feeder  from  reservoirs  on  the  Black  and  Salmon  rivers, 
and  the  other  with  a  summit  level  the  same  as  that  of  Oneida  Lake — 
379  feet  above  tide  water  at  Xew  York. 

In  the  latter  case,  Oneida  Lake  is  to  be  used  for  a  storage  resei-voir, 
but  during  excessive  dry  seas<ms  an  a<lditional  supply  will  probably 
be  needed,  for  which  provision  has  been  made  by  locating  a  reservoir 
in  the  Salmon  River  Valley  with  a  connecting  feeder  from  the  reser- 
voir to  the  waterway,  as  shown  on  plate  93. 

WESTERN  DIVISION. 

The  line  leaves  Lake  Ontario  from  an  artificial  harbor  formed  by 
two  breakwaters  to  be  constructed  about  1  mile  west  of  the  mouth 
of  the  Oswego  River,  and  passes  through  the  Avesterly  limits  of  the 
city  along  a  narrow  valley,  rising  So. 6  feet  in  a  distance  of  5.7  miles, 
to  a  dam  above  the  town  of  Minetto,  where  the  waterway  joins  the 
river,  which  difference  in  level  it  is  pro|>osed  to  overcome  with  four 
locks  of  21.4  feet  lift  each. 

These  locks  .M-"  ♦" '-onsisi  ..i' .."■•  -mijI..  !,.i-i,  .-.i  ih..  li:ifi...i- i.Tminal 
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of  the  canal,  two  dou])le  locks  in  flight,  about  4,000  feet  from  the  lake, 
and  a  single  lock  in  tlie  head  of  the  canal  where  it  leaves  the  Oswego 
River  near  Minetto. 

From  Minetto  the  line  follows  the  river  4.9  miles  to  the  northern 
side  of  the  village  of  Fulton,  where  it  enters  the  vallej' of  a  small  creek 
and  continues  across  the  swamp  and  sand  ridges  between  the  river  and 
Oneida  Lake.  At  the  point  of  deepest  cutting  through  the  sand  ridge 
the  banks  will  be  54  feet  above  water  surface  at  low  stage. 

For  a  waterwaj'  having  a  high  summit  level  across  the  divide 
between  the  lake  and  the  Mohawk  River  it  is  proposed  to  establish 
the  low  water  of  the  lake  at  an  elevation  of  376  feet,  and  for  the 
project  having  the  lake  for  summit  level  at  an  elevation  of  379  feet. 

In  the  first  of  these  projects  it  is  proposed  to  overcome  the  4o-foot 
rise  from  the  Oswego  River  at  Fulton  to  Oneida  Lake  with  two  locks  of 
22.5  feet  lift  each,  and  in  the  latter  to  have  two  locks  of  18  feet  lift 
each,  and  one  with  lift  varying  from  12  to  19  foet,  according  to  the 
stage  of  water  in  Oneida  Lake. 

Oneida  Lake  is  21  miles  long,  14  miles  of  which  is  over  30  feet  deep, 
and  has  an  area  of  77  square  miles  at  the  natural  low-water  stage  of 
371  feet,  which  will  be  increased  to  149  square  miles,  with  the  reservoir 
full  at  an  elevation  of  386  feet. 

High-level  project. — The  summit  of  the  divide  near  Rome  is  about 
430  feet  above  mean  tide  at  New  York,  which  for  the  high-level  project 
is  crossed  with  a  water-surface  elevation  of  416  feet.  The  summit 
level  will  be  13.6  miles  long  and  will  receive  water  supjily  from  the 
Black  River  feeder  near  its  western  end,  3  miles  west  of  Rome. 

West  of  Rome  the  line  from  Oneida  Lake  follows  the  line  of  great- 
est deijression  of  underlying  rock,  and,  after  crossing  the  divide,  inter- 
sects the  present  channel  of  the  Mohawk  River  several  times,  but  as 
the  stream  is  small  compared  with  the  proposed  section  of  the  water- 
way, the  entire  drainage  Av^ould  be  diverted  into  the  new  channel. 
The  eastern  end  of  the  summit  level  for  the  high-level  project  is  about 
a  mile  below  the  mouth  of  the  Oriskany  Creek,  and  at  times  of  floods 
in  the  Mohawk  Valley  10,000  cubic  feet  per  second  of  the  Mohawk 
discharge  may  be  turned  westward  through  the  canal  to  Oneida  Lake 
and  used  for  storage  or  wasted  down  the  Oneida  and  Oswego  rivers 
to  Lake  Ontario. 

Investigation  of  floods  in  the  Mohawk  Valley  indicates  that  in 
extreme  cases  the  discharge  at  Little  Falls  may  reach  about  45,000 
cubic  feet  per  second,  and  by  diverting  a  portion  of  the  flood  volume 
westward  a  much  safer  and  less  expensive  channel  ma}'  be  constructed 
between  Utica  and  Albany.  By-passes  and  regulating  sluices  are 
provided  for  at  each  end  of  the  summit  level  for  controlling  the  vol- 
ume of  flow  in  each  direction  at  times  of  floods  and  to  furnish  a  low- 
water  flow  in  the  Mohawk  equal  to  that  under  natural  conditions. 

The  summit  level  will  vary  in  elevation  from  376  feet  to  378  feet 
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above  mean  tide  at  New  V<nk,  depending  on  tli«*  <lcptli  of  storage  in 
Oneida  Lake. 

It  is  proposed  to  control  the  stage  of  Oneida  Lake  by  means  of  a 
movable  dam  300  feet  long  in  connection  with  regulating  sluice  gates 
capable  of  passing  10,000  cubi<'  feot  of  wat«M-  por  s«'coiid  whoii  fully 
open. 

Low -level  project. — By  converting  Oneida  Lake  into  a  storage  reser- 
voir and  cutting  a  channel  through  the  Rome  divide,  navigation  at 
lake  level  may  be  extended  to  the  Mohawk  at  Fiankfort.  a  distance 
of  72.1  miles  from  the  lock  at  western  end  of  the  level  -2.5  miles  east  of 
Fulton. 

The  general  alignment  of  the  waterway  for  the  high  and  low  Irvtd 
projects  is  practically  the  same  except  in  Wood  Creek  and  across  the 
Peter  Scott  Swamp,  where  slight  changes  have  been  made  to  facilitate 
better  methods  of  construction  under  tlie  diflferent  conditions  which 
will  exist  under  the  two  plans. 

In  the  low-level  project  the  streams  tributary  to  the  Mohawk  along 
the  proposed  route  may  be  received  into  the  prism  of  the  waterway, 
the  same  as  in  the  high-level  project,  but  on  account  of  the  greater 
depth  of  the  channel  more  expensive  intake  works  must  be  provided. 

In  establishing  the  elevation  of  the  summit  level  for  this  project  it 
has  been  deemed  expedient  to  make  it  as  high  as  the  general  level  of 
the  adjacent  country  will  permit  on  account  of  the  nature  of  the  soils 
through  which  a  portion  of  the  deep  cut  will  have  to  be  excavated. 

The  banks  of  the  channel  will  be  from  20  feet  to  50  feet  al)ove  the 
low-water  level  of  the  waterway  for  over  30  miles  through  the  divide, 
and  at  places  the  clay  strata  are  of  a  nature  which  requires  back 
drainage  to  prevent  landslides  into  the  canal  prism. 

The  land  immediately  surrounding  the  lake  is  largely  low  and 
swampy  and  will  be  submerged  for  an  extent  of  70  square  miles  with 
the  lake  raised  to  an  elevation  of  386  feet,  but  the  saving  in  cost  of 
excavation  will  be  so  much  in  excess  of  the  value  of  the  land  that  it 
will  be  economical  and  desirable  to  establish  such  maximum  stage. 

EASTERN  DIVISION. 

The  route  from  Herkimer  to  the  Hudson  is  practically  a  rectification 
of  the  Mohawk  River  to  Rotterdam  Junction,  then  by  a  waterway  of 
standard  cross  section  for  3  miles  along  the  south  side  of  the  Mohawk 
Valley,  and  thence  across  the  divide  through  South  Schenectady  to  the 
head  of  Xormans  Kill,  which  stream  the  line  follows  to  the  Hudson  a 
short  distance  l^elow  the  city  limits  of  Albany. 

The  flood  discharge  of  the  river  is  approximately  4o,(HM»  cubic  feet 
per  second  at  Little  Falls,  50,000  cubic  feet  at  the  mouth  of  West 
Canada  Creek,  56,000  cubic  feet  at  the  mouth  of  Garoga  Creek,  and 
80,000  cubic  feet  at  the  mouth  of  Schoharie  Civek.  AVith  10,0<M»  cubic 
feet  per  second  of  this  (low  i-ctaiiicd  in  the  Oneida  Lake  ]?esei-voii- 
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during  the  extreme  heiglit  of  the  f  resliet — generally  not  more  than  one 
day — the  cross  section  of  the  channel  necessary  to  carry  the  discharge 
with  a  current  of  less  than  4  feet  i>ev  second  Avill  vary  from  the  stand- 
ard section  at  Herkimer  to  one  with  a  bottom  width  of  460  feet  at 
Rotterdam  for  30  feet  depth  at  low  stage. 

For  the  21-foot  channel  the  cross  section  is  standard  width  at  Herki- 
niei"  and  gradually  increases  to  329  feet  liottom  width  at  Little  Xose, 
from  which  point  to  Rotterdam  it  will  cost  less  for  a  channel  30  feet 
deej)  of  dimensions  to  carry  the  discharge  than  for  a  wider  A\'aterway 
21  feet  deep,  and  therefore  for  this  reach  tlie  cross  sections  and  esti- 
mates for  the  two  waterways  are  identical. 

Approximate  comparative  estimates  have  been  made  for  21  and  30 
feet  depth  of  waterways  of  standard  cross  section,  separate  from  the 
river  channel  except  at  crossings,  from  which  it  appears  that  such 
construction  would  be  more  expensive  than  to  rectify  and  deepen  the 
river  and  besides  would  render  navigation  unsafe  at  times  of  high 
water  at  points  where  the  channels  would  cross  each  other.  At  the 
commencement  of  the  surveys  it  was  expected  that  the  route  would 
follow  the  river  to  its  junction  with  the  Hudson  at  Troy,  but  from 
later  investigations  it  was  found  that  a  waterway  of  large  dimensions 
so  located  would  necessaril}-  have  curves  too  sharp  for  safe  naviga- 
tion, would  involve  dangerous  river  crossings,  and  would  be  very 
expensive  to  construct.  Preliminary  surveys  were  made  of  routes 
from  Niskayuna  to  Albany,  Schenectady  to  the  Hudson  via  Cedar 
Hill  and  via  Normans  Kill,  but  rock  at  suitable  elevation  for  the  foun- 
dation of  structures  was  found  only  on  the  latter,  and  the  other  routes 
were  therefore  abandoned. 

Materials  to  he  excavated. — Seven  diamond-drill  holes  were  put  down 
on  the  western  division  of  the  route  to  determine  the  nature  of  the 
rock  to  be  excavated  and  the  character  of  foundations  on  which  struc- 
tures Avill  have  to  be  built.  On  the  eastern  division  no  diamond-drill 
holes  were  Ijored,  for  the  reason  that  where  rock  was  found  above  bot- 
tom grade  of  projjosed  waterway  its  character  was  pretty  well  deter- 
mined by  the  outcrop  and  from  the  ordinarj^  borings. 

The  bed  of  the  river  at  Oswego  is  argillaceous  sandstone,  and 
between  Oswego  and  P'ulton  is  mostly  a  mottled  Medina  sandstone. 
Between  Fulton  and  Oneida  Lake  the  rock,  where  above  grade,  is 
Clinton  shale,  overlaid  with  sand  and  gravel. 

Through  Oneida  Lake  the  excavation  will  be  mostly  soft  mud,  except 
near  Brewerton,  where  a  small  amount  of  rock  was  found. 

East  of  Oneida  Lake  the  rock  where  above  grade  is  L'tica  shale,  and 
at  the  divide  which  separates  the  Wood  Creek  and  Mohawk  valleys, 
west  of  Rome,  there  is  a  deposit  of  rock  and  hardi^an. 

East  of  Rome  and  along  the  Mohawk  Vallej^  to  Herkimer  there  is  a 
deep  channel  between  the  hills,  filled  in  with  sand,  soft  clay,  and  beds 
of  gravel,  with  occasional  spurs  of  rock  projecting  from  adjacent  hills. 
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At  pUu'cs  tlieclijiunrl  banks  will  n><iuiie  a  low  slope  ami  ihoroii^'h  back 
(lrainaj?e  to  iviKler  them  st'cure  from  laiidslicles  during  onistriicllon. 

Fi-otn  about  a  mile  below  Herkimer  to  Little  Falls  <|iiart/.i1e  rock  is 
found  from  l/i  feet  to  :}.'>  feet  below  the  surfaee,  overlaid  with  sand 
and  a  small  amount  of  clay,  an<l  at  an<l  below  Little  Falls  the  river 
flows  tlu(uij;h  a  solid  bed  of  <^uartzit«'  for  a  ilistanee  of  -  miles  with  a 
fall  of  about  45  fe<'t. 

Below  the  outcrop  in  the  vicinity  of  Little  Falls  to  Canajoharie  the 
borings  show  the  nuk  surface  to  be  from  15  to  20  feet  below  the  pven- 
ent  level  of  bottom  lands.  The  rock  on  this  section  above  St.  Johns- 
ville  is  shale,  ami  thence  east  is  a  hard  limestone  well  adapted  for  use 
in  structures. 

From  Canajoharie  to  Rotterdam  but  little  ro<'k  is  found  al>ove  jj^rade 
of  proposed  waterway,  and  excavation  will  be  mostly  through  sand, 
with  occasional  pockets  of  clay  and  gravel. 

The  elevation  of  the  water  surface  in  the  canal  l)etween  Rotterdam 
aiul  French  Mills  has  been  ti.\ed  at  240  feet  above  mean  tide  at  New 
York,  and  the  elevation  of  the  divide  between  the  Mohawk  and  Xor- 
mans  Kill  at  South  Schenectady  is  :i50  feet,  through  which  tlie  exca- 
vation will  be  mostly  in  shale  i-oek. 

Rock  drops  below  grade  about  1  mile  south  of  the  divide,  leaving 
the  cutting  in  a  mixture  of  blue  clay  and  gravel,  with  sand  near  the 
surface. 

Above  French  Mills  slate  rock  is  found  at  or  alx)ve  bott^mi  giade 
of  the  canal  for  about  2.5  miles.  Shale  rock  is  found  above  gra<le  for 
a  distance  of  about  2  miles  near  the  mouth  of  the  Xormans  Kill,  and 
the  excavation  for  the  iemain<ler  of  the  section  will  be  through  blue 
clay. 

Materials  for  construction  will  have  to  be  brought  in  on  the  east- 
ern end  of  the  division,  as  none  of  the  rock  to  be  «'x<*avated  is  suitable 
for  use  in  structures,  but  from  Canajoharie  westward  to  Oswego,  g<Kxl 
building  material  can  b<»  obtained  within  reasonabh'  hauling  distance 
of  where  needed. 

Railroad  chanyes. — At  Oswego,  where  the  waterway'  would  <*ross 
the  Delaware,  Lackawanna  and  Western  Railroa<l  and  the  Rome, 
Watertown  and  Ogdensburg  Railway,  a  slight  change  of  alignment 
will  j)ermit  both  roads  to  use  the  same  bridge.  At  Sylvan  Heach, 
near  the  eastern  end  of  Oneida  Lake,  the  Lehigh  Valley  and  the  New 
York,  Ontario  and  Western  Raili'oad  tracks  will  have  to  In?  raised  and 
embankments  protected  with  ripraj),  or  else  rebuilt  on  higher  ground, 
all  of  which  has  Ikm'U  providt'd  for  in  the  estimates. 

The  immense  traffic  over  the  New  York  Central  and  Hudson  River 
Railroad  nmkes  it  v«*ry  desirable  to  avoi«l  crossing  that  railn>a<l  wher- 
ever possible,  and  f<»r  this  reason  the  estimates  provi«le  for  a  new 
location  of  that  roa<l  at  Rome,  there])y  keeping  the  railroad  south  of 
the  canal  l<K'ation.  At  the  cn)S8ing  of  the  New  York  Central  Rail- 
11.  Doc.  149 5 
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road  below  Utica  it  is  proposed  to  raise  the  grade  of  the  railroad  suffi- 
ciently to  carry  it  over  the  waterway  on  a  viaduct. 

In  the  Mohawk  Valley  there  are  several  localities  where  the  gi-ades 
of  the  railroads  will  need  to  be  raised  in  order  to  maintain  the  tracks 
well  above  the  flood  stages  where  the  river  is  improved,  and  at  the 
mouth  of  Normans  Kill  the  canal  as  located  will  involve  a  change  in 
the  location  of  the  Delaware  and  Hudson  Railroad  for  about  1  inih\ 

BRIDGES  AND  FERRIES. 

The  reports  of  the  assistant  engineers  who  had  charge  of  surveys 
give  full  descriptions  of  localities  wliere  railroad  bridges,  higliway 
bridges,  and  ferries  will  be  n(?eded,  the  details  and  estimates  for  which 
will  be  found  in  Appendixes  13  and  14. 

EXISTING  CANALS. 

The  Erie  and  Oswego  canals  parallel  the  i-oute  for  a  considerable 
part  of  the  proposed  Avaterway,  Ijut  witli  a  proper  arrangement  of  plans 
and  methods  of  construction,  the  traffic  on  these  canals  need  not  be 
disturbed  until  the  ship  canal  is  practically  completed.  These  canals 
will  be  of  great  use  to  the  enterprise  during  the  progress  of  construc- 
tion in  facilitating  the  handling  of  material,  but  before  a  deep  water- 
way can  be  opened  for  transacting  business  the  old  canals  will  neces- 
sarily have  to  be  abandoned. 

The  project,  therefore,  can  never  be  undertaken  by  the  General 
Government  except  witli  an  understanding  with  the  State  of  New  York 
that  the  existing  canals  shall  be  abandoned  when  the  work  of  con- 
structing the  ship  canal  shall  have  reached  a  stage  requiring  the 
destruction  of  portions  of  the  old  canal  prism  and  structures. 

LOCKS   AND    DAMS. 

The  estimates  for  all  structures  ai-e  based  on  the  standard  designs 
adopted  bj^the  Board,  the  details  of  which  are  shown  on  plates  68  and 
69.  The  locations  and  descriptions  are  given  in  Appendixes  Nos.  13 
and  14,  and  the  locations  are  shown  on  plates  18  to  31,  inclusive. 

All  the  locks  on  the  route  except  two  can  be  built  on  rock  founda- 
tions. The  locks  and  dams  at  Amsterdam  and  Cranesville  and  the 
dam  at  Rotterdam  will  require  artificial  foundations  on  which  to  estab- 
lish lock  and  dam  structures,  and  as  the  underlying  strata  are  mostly 
sand  and  gravel  for  considerable  depths,  the  substructure  work  will 
be  expensive. 

WATER   SUPPLY. 

An  adequate  supply  for  a  ship  canal  of  large  capacity  can  only  be 
obtained  by  constructing  a  down-grade  feeder  from  Lake  Erie  to  the 
summit  level  or  by  impounding  the  surplus  water  of  the  streams  of 


DEEP    WATERWAYH.  <)7 

the  central  part  of  the  State  of  New  York  in  rcHervoirw  an<l  <leliv«'riiig 
it  as  nee<l<Hl  tlirou^h  a  feeder  connectinji;  the  reservoirs  with  i\w  sjirn- 
mit  level  of  the  canal. 

A  preliminary  examination  of  the  difticulties  to  lie  overconu-  in<li- 
cates  that  the  foruuTof  these  methods  would  be  so  expensive  as  to  l)e 
practically  prohibitive,  and  investigations  were  directed  toward  deter- 
mining whether  an  available  suppl}' could  be  obtained  from  the  water- 
she<ls  of  the  IJlack  and  Sahuon  rivei-s. 

Mr.  (Tcorge  W.  Rafter,  C  E.,  who  from  large  experience  with  pre- 
vious surveys  through  New  York  State  was  thoroughly  familiar  with 
the  natural  ("onditions,  was  engage<l  to  make  a  special  examiimtion  of 
the  amount  of  water  available  and  to  submit  an  estimate  of  the  cost 
of  the  necessary  reservoirs  an<l  feeders,  the  results  of  which  an?  fully 
discussed  in  his  report,  Appendix  No.  10. 

For  the  high  summit  level  pioject  the  supply  necessary,  including 
evaporation,  leakage,  water  power,  and  waste,  for  both  feeder  and 
waterway  will  l)e  al>out  1,600  cubic  feet  i)er  second  for  a  30-foot  water- 
way and  1,400  cubic  feet  per  second  for  a  L*l-foot  waterway. 

To  provide  for  this  amount  of  supply,  a  reservoir  has  been  located 
in  the  valley  of  the  Black  River  having  an  area,  when  full,  of  77.9 
square  miles,  with  an  impounding  capacity  of  70,00O,0OO,O(X)  cubic 
feet,  and  one  in  the  Salmon  River  Valley  of  8.5  square  miles  area  and 
storage  capacity  of  7,000,000,000  cubic  feet. 

It  is  expected  that  the  volume  of  storage  which  can  1k»  secured  in 
the  Black  River  Valley  will  be  sufficient  to  maintain  an  ample  supi)ly 
for  the  waterway  except  in  long  jjeriods  with  small  amount  of  pre- 
cipitation, when  an  additional  supply  may  be  nee<ied  from  the  Salmon 
River  Reservoii-.  The  Bla<'k  River  storage  provides  also  ff>r  main- 
taining the  present  low-water  discharge  for  powei-  purposes  in  the 
Black  River  ]>elow  the  reservoir. 

A  great  objection  to  the  project  is  the  length  of  fe«Mlei-  line  require<l 
and  the  serious  delays  to  navigation  which  would  result  in  case  of 
stoppage  of  supply  from  breaks  in  the  feeder  or  other  causes.  The 
Salmon  River  Reservoir,  the  feeder  from  which  is  not  lia])le  to  acci- 
dents, is  therefore  regarded  as  essential  to  insure  a  safe  atid  contin- 
uous supply  at  all  times. 

The  feeder  from  the  norlh  end  ol'  liie  re^ei\  on-  ai  iarlhage  lo  ihe 
junction  with  the  waterway  west  of  Rome  is  'MA  miles  long,  nearly 
one-half  of  which  is  the  natural  l)ed  of  streams  and  ixnuls. 

A  study  has  been  made  of  an  alternate  tunnel  project  as  a  substi- 
tute for  the  feeder  line,  which  seems  to  have  sufficient  merit  to  war- 
rant further  investigation  as  to  feasibility  if  the  proposition  to  build 
a  ship  canal  via  the  Mohawk  route  should  Ix'  favorably  consid«'re<l. 

This  tunnel  would  leave  tlie  south  end  of  the  Black  River  reservoir 
at  Lyons  Falls  and  open  into  the  l'i>per  Mohawk  at  the  village  of  North 

Westevji,   M  "lislanee  of   'J(»..t  miles  fiom   the  lesei-voii-,   and    tlieiice  ills- 
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charge  througli  the  channel  of  the  Mohawk  into  the  waterway  near 
Rome. 

The  costs  of  the  two  systems,  as  estimated,  are  approximately  the 
same,  and,  unless  investigations  by  means  of  diamond-drill  borings 
should  develop  insuperable  difficulties,  the  tunnel  line  will  be  the 
preferable  plan,  as  the  amount  of  waste  an<l  cost  of  maintenance 
would  be  much  less  than  for  the  open  feeder,  and  the  danger  of  acci- 
dents would  be  inappreciable. 

P'or  the  low-level  plan,  with  Oneida  Lake  for  a  reservoir  on  the 
summit  level,  ranging  from  379  to  38(j  feet  above  mean  tide,  the  stor- 
age capacity  would  be  about  25,000,000,000  cubic  feet,  a  surplus  of 
nearly  3,000,000,000  above  tl^e  amount  which  would  probably  be 
needed  in  average  years  of  precipitation  and  evaporation  on  the 
watershed.  To  provide  against  au}^  deficiency  arising  from  a  series 
of  years  of  small  precipitation,  the  Salmon  River  reservoir  has  been 
included  in  the  low-level  project,  so  that  the  deficiency  during  dry 
yeai's  may  be  easil}^  supplied,  and,  if  it  is  deemed  advisable,  the  i-ange 
of  stage  of  the  summit  level  may  be  decreased. 

The  volume  of  water  which  may  at  times  be  needed  from  the  Salmon 
River  reservoir  is  such  that  it  may  be  brought  down  the  channel  of 
Fish  Creek  without  any  considerable  improvement.  The  flood  dis- 
charge of  the  creek  is  at  times  over  4,000  cubic  feet  per  second,  while 
the  amount  which  will  be  required  to  pass  through  it  from  Salmon 
River  will  not  exceed  3o0  feet  j)er  secon<l. 

Est  trn  at  I'  for  ,u  -foot  channel . 
High-level  project: 

Excavation .*80, 049, 353 

Retaining  walls,  slope  walls,  and  backfill ..     __ 11,057,538 

Entrance  of  streams ... .    44. 116 

Right  of  way .. .    ...- 8,776,027 

Embankment 436, 855 

Bridges  and  ferries . 4,672,194 

Railway  and  h  ghway  changes 1 ,  082, 523 

Cribs  at  lock  entrances  . ..         .    ... 6,278,431 

Locks 39,  958,  498 

Operating  plant . . 2,  800, 000 

Dams 3,637,115 

Water  supply  .. .   18,080,752 

Breakwater  at  Oswego ...    ... 1,190,317 


178,063,714 
Engineering,  superintendence,  and  contingencies,  10  jjer  cent 17,  806,  371 


Total    .      195,870,085 

Low-level  project: 

Excavation $98, 378,  038 

Retaining  walls,  slope  walls,  and  back  fill . 13,  927, 042 

Entrance  of  streanas  . . 44, 116 

Right  of  way    ...   11,284,392 

Embankment ... 157, 015 
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Estimates  for  ,io-foot  clutnnel — Continued. 

Low-level  project — Continued . 

Bridges  and  terries  .    .s4. 734, 574 

Railway  and  highwaj' change-  1.1%.  0:J0 

Dams  ....  ;{.  122.610 

Cribs  at  lock  entrances  5, 43H.  677 

Locks  ;!7,614,89.'> 

Operating  plant  2. 600, 000 

Water  supply  2, 062, 2Dr> 

Breakwarer  at  Oswego.  1,190,317 

>1.7.'>0.60l 

Engineering.  supfinitt'iKienct,'.  and  i-ontiiigHncifH,  in  per  ct'iii  i>S.  17.1,060 

Total  I'.c.t  «••>.-.(•.(;  1 

A'stiinati'  for  .'/-font  chmnn'L 
High-level  project: 

E.xcHvation >">^.  587.936 

Retaining  walls,  slo]>f^  walls,  and  lack  fill  7.33r»,  266 

Entrance  of  streams  ...            44.116 

Right  of  way  y.7S.'i.027 

Embankment                                                         ^    ..^ 434,854 

Bridge.-^  and  ferries                  .                                       . ...  4. 191. 365 

Railway  and  highway  changes. .  1.082.523 

Dams ..  3.637.  Ill 

Cribs  at  lock  entrances  6. 226.  103 

Locks J">.  49;5..352 

Operating  plant              .  2. 8iM).  000 

Water  supply H.  080. 752 

Breakwater  at  Oswego 721,380 

137,422,785 
Engineering,  superintendence,  and  contingencies,  10  i)er  cent . . .       13,  742, 279 

Total •  ..151,165,064 

Low-level  project: 

E.xc  ivation  .  ..  $74,580,723 

Reta  ning  walls,  slope  walls,  and  back  till 9. 540. 963 

Entrance  of  streams  44.116 

Right  of  way  !  1 .  293, 392 

Embankment     .  155,014 

Bridges  and  ferries  1.262.607 

Railway  and  highway  changes ...  1. 196. 630 

Dams :;.  122.610 

Cribs  at  lock  entrances  "«,  :J31. 394 

Lcwks... .  -M,o;4.C2l 

(^I)erating  plant    . .  2. 600. 000 

Water  supply 2. 062. 295 

Breakwater  at  Oswego  721,380 

l:!-^.  948.  344 

EngineeriTiti.  superititendence.  and  continsrencies.  in  per  cent  13,894,834 

Total ...  I  -.2, 843, 178 
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ST.  LAWRENCE-CHAMPLAIN  ROUTE. 

This  route  extends  from  the  foot  of  Lake  Onlai-io  to  the  lower  end 
of  the  Oswearo-Mohawk  route  at  the  mouth  of  the  Normans  Kill, 
below  Albany,  a  distance  of  264  miles,  and  was  investigated  in  three 
divisions:  Plrst,  St.  Lawrence  division,  from  the  foot  of  Lake  Ontario 
to  the  lower  end  of  Lake  St.  Francis,  on  the  St.  Lawrence  River;  sec- 
ond, the  northern  division  of  the  Champlain  route,  consisting  of  a 
canal  from  Lake  St.  Francis  to  Lake  Champlain,  and,  third,  the  Hud- 
son River  division,  from  deep  water  in  Lake  Champlain  to  the  junc- 
tion with  the  Oswego-Mohawk  route  below  Albany. 

PHYSICAL    C^HARACTERISTICS    OF   THE    ROUTE. 

From  Lake  Ontario  to  the  lower  end  of  Lake  St.  Francis,  wheie  the 
route  leaves  the  St.  Lawrence  River,  any  system  of  improvement 
must  consist  of  river  rectification  and  of  locks  and  dams  for  slack- 
water  navigation  around  the  rapids. 

Above  Ogdensbui'g  the  channels  are  so  deep  that  the  slope  is  very 
small,  but  from  Ogdensburg  to  Valleyfield  the  average  fall  of  the 
river  is  about  1.2  feet  per  mile,  a  large  portion  of  which  is  concen- 
trated at  the  rapids  of  the  river. 

East  of  the  lower  end  of  Lake  St.  Francis  the  country  for  ovei"  20 
miles  is  from  10  to  12  feet  lower  than  the  lake,  through  which  valley 
the  St.  Louis,  Chateauguay,  and  English  rivers  flow.  East  of  this 
valley  a  ridge  of  limestone  and  quartzite  forms  the  drainage  divide 
between  these  streams  and  Lake  C-hamplain. 

The  valley  of  Wood  Creek  from' near  Smiths  Basin  to  Lake  Cham- 
plain and  of  Bond  Creek  south  from  the  divide  to  the  Hudson  River 
below  Fort  Edward  constitute  a  narrow  trough  between  the  foothills 
of  the  Adirondack  and  (Treen  Mountains,  through  which  any  water- 
waj^  from  Lake  Champlain  to  the  Hudson  will  have  to  be  located. 

The  Hudson  River  between  Fort  Edward  and  Troy  consists  of  a 
series  of  pools  separated  by  water-power  dams  at  the  rapids  over  the 
rock  reefs  between  the  different  pools. 

From  the  State  dam  at  Troy  to  New  York  the  liver  is  a  tidal  stream. 

ST.   LAWRENCE   DIVISIOX. 

The  surveys  and  investigations  of  this  division  were  made,  under 
the  siTpervision  of  the  Board,  by  Mr.  J.  W.  Beardsley,  Assistant 
Engineer,  who  organized  a  party  for  doing  the  work  in  August,  1898, 
and  completed  the  field  work  in  June,  1899. 

The  St.  LaAvrence  River  from  Tibbetts  Point  to  the  foot  of  Lake  St. 
Francis,  a  distance  of  142  miles,  has  a  fall  of  93  feet,  distributed  in 
rapids  and  river  slojies  under  conditions  which  make  any  project  for 
the  improvement  of  the  river  for  deep-draft  vessels  difficult  and 
expensive. 

The  depth  of  the  Canadian  system  of  canals  ])etween  Lake  Ontario 
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Hiul  (itH'i»  wjtU'i'  ill  iIm'  M.  Lawrence  River  1k*1<»\\  Muiilreal  is  Mielilhat 
any  variation  in  the  volume  of  flow  of  tlie  river  is  of  j;i«'at  iiriportunce 
to  navijration  interests,  and  therefore  any  project  whieli  is  to  have  the 
approval  of  tlie  Canadian  government  must  be  such  tluit  the  low- 
water  discharge  of  tlie  river  can  be  maintained  fully  as  large  as  under 
natural  conditions. 

The  river  above  (Jalops  Island  is  generally  wide  and  deep,  and  for 
a  distance  of  05  miles  the  total  fall  at  standard  low  water  is  only  1 
foot,  'i'he  navigable  channel  through  the  Thousand  Islands  and 
Brocks  (^roup,  as  shown  on  the  charts,  is  from  40  feet  to  120  feet  deep, 
but  in  places  is  less  than  500  feet  wide,  and  in  case  the  river  should 
be  impioved  for  "M-foot  navigation  it  is  possible  that  points  of  rock 
abovegrade  ma\' be  found  within  thelimitsof  tlw  ehanne]  wliieli  liave 
not  been  located  by  previous  surveys. 

No  estimate  has  been  included  for  this  section  of  the  river,  as  tlie 
United  States  Lake  Survey  charts,  which  are  considere<l  reliable, 
indicate  a  channel  of  over  30  feet  depth,  with  a  minimum  width  of 
about  500  feet. 

At  the  (Galops  Rapids  the  river  has  a  fall  at  low  water  of  about  10 
feet  in  a  distance  of  3  miles,  with  two  channels  having  a  combined 
cross  section  of  about  40,000  sijuare  feet.  It  is  proposed  to  improve 
this  reach  of  the  river  by  closing  the  channels  between  (ialops  Island, 
Benedict  Island,  Raycroft  Island,  Lalone  Island,  Sheldons  Island,  and 
the  mainland,  and  enlarging  the  discharge  section  of  the  channel  north 
of  Galops  Islan<l  so  as  to  nmintain  the  normal  discharge  of  the  river, 
with  the  soutli  channel  improved  for  slack-water  navigation. 

The  head  of  the  North  Channel  is  partly  obstructed  by  .Vdams 
Island,  below  which  there  are  heavy  rapids,  so  that  by  enlarging  the 
channel  between  Galops  and  Adams  Island  for  a  distance  (»f  about 
2,000  feet  anj'  increase  of  discliarge  necessary  to  comj)ensate  for  loss 
from  slack-water  navigation  in  the  South  Channel  nmy  l)e  obtained; 
and,  in  fact,  if  desirable,  regulating  works  can  be  established  l)y 
which  the  volume  <»f  <lischarge  of  the  liver  can  be  eonti-olled  at  all 
times. 

The  project  on  vvliieh  estimates  are  based  consists  in  closing  the 
outlets  of  the  South  Channel,  so  as  to  secure  slack- water  navigation 
and  to  lock  down  into  the  pool  below  with  a  lock  at  Sheldons  Island, 
and  also  to  eidarge  tl>e  hea<l  of  the  North  Channel  suflieiently  to 
maintain  the  normal  flow  of  the  i-ivei'  when  tlie  South  Channel  is 
closed. 

From  the  foot  of  Sheldons  Island  to  the  head  of  Ogilens  Island,  a 
distance  of  al)out  8  miles,  the  river  consists  of  three  pools,  separated 
at  Long  Point  and  Rockway  Point  by  narrow,  deep  cliannels,  having 
maximum  current  velocities  of  about  \0  feet  per  second  and  mean 
velocities  of  «»  feet  per  second  on  <'urves  of  2,000  feet  i-adius. 

The  curvature  is  so  sharp  that  the  water  surface  of  the  eddy  below 
Long  Point  is  2.25  feet  lower  than  that  of  the  pool  4,000  feet  above, 
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and  at,  Kockwaj'  Point  3.7  feet  lower  at  the  eddy  than  7,000  feet  above 
on  the  iippei"  side  of  the  jjoint. 

The  river  is  susceptible  of  improvement  at  these  jjoints  by  two  dif- 
ferent methods,  viz:  first,  by  cutting  canals  across  the  points  and 
locking  down  into  the  pools  below,  and,  second,  by  enlarging  and 
straiglitening  the  i)rism  of  the  river  oj^posite  the  points,  so  as  to 
diminish  the  velocity  of  current  and  increase  the  radius  of  the  chan- 
nel cur^'e  sufficiently  to  make  the  reach  safely  navigable  for  all  classes 
of  vessels. 

An  investigation  of  the  natural  conditions  developed  the  fact  that 
the  latter  method  could  be  carried  out  at  less  cost  than  impi-ovement 
by  locks  and  canals,  and,  as  the  time  reciuired  for  the  passage  of  ves- 
sels with  enlarged  river  wouhl  be  less  than  with  locks,  the  plans  and 
estimates  have  been  based  oh  the  j)roj<M't  foi-  i-ectifying  the  river 
channel. 

Tlu>  natural  low-water  fall  of  the  river  from  the  foot  of  Sheldons 
Island  to  the  head  of  Ogdens  Island  is  al)out  0.(5  feet  which,  with  the 
river  channel  enlarged  and  straightene*!  at  Long  and  Rockway  points, 
will  be  I'educed  to  7.3  feet  and  the  slope  made  nearly  uniform  over 
the  entire  reacli. 

An  interesting  featuiv  of  the  jjroposed  improvement  is  that  the  slope 
of  theup[)er  pool  will  Ix'  decreased  and  of  the  two  lowei- pools  iii<*roased 
by  the  change  which  will  be  nuide  in  the  velocity  of  the  <'nrrents  flow- 
ing into  and  out  of  the  respective  pools. 

From  deep  water  in  the  [)ool  above  Ogdciis  Ishind  to  slack  water 
below  Rajiide  Plat,  a  distance  of  about  3^  mih^s,  it  is  proposed  to  (;on- 
sti'uct  a  navigable  channel  by  cutting  a  short  canal  tlirough  Leislimans 
Point  into  Little  River  on  the  south  side  of  Ogdens  Island  and  con- 
sti'ucting  a  lock  and  dam  at  Clarks  Point,  tliereby  making  slack-water 
navigation  around  the  rapids. 

There  is  at  present  a  watei'-power  dam  aci-oss  Little  River  from 
Waddington  to  Ogdens  Island,  about  1  mile  above  the  i)roposed  loca- 
tion for  lock  and  dam,  whicli  would  be  destroyed  by  the  proposed 
improvement,  but  much  better  facilities  for  developing  power  inay 
bo  had  at  the  proposed  site. 

The  lift  i-eciuired  at  the  Clarks  Point  lock  will  be  about  11.8  feet  for 
standard  low  water. 

From  Clarks  Point  to  Rradfords  Hill,  a  distance  of  7  miles,  the 
natural  channel  wall  have  to  be  Avidened  iu  several  places  to  obtain 
a  21-foot  channel  GOO  feet  wide,  and  for  30-foot  navigation  the  river 
will  have  to  be  widened  and  deepened  for  a  large  part  of  the  reach. 

From  Ri-adford  Hill  to  Richards  Point,  at  the  head  of  the  Long 
Sanlt  Rapids,  there  is  a  good  navigable  channel  of  over  21  feetdei^th, 
but  for  30-foot  navigation  a  cut  about  1,700  feet  long  will  be  required 
through  the  shoal  about  a  mile  above  Louisville  landing. 

Fron\  Richards  Point  through  the  Long  Sault  Rapids  to  the  mouth 
of  Grass  River  at  the  head  of  Cornwall  Island  (lO.G  miles)  there  is  a 
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fall  of  a])oul  4s  IV'fi  whicli  it  is  j»i(>i»o>c(i  lo  i»\  t-iciMiM'  i»\  cun^i  riicl- 
ing  a  eaiml  of  staiulanl  cnjss  soctioii  Ihroiigli  the  flat  eoiiiitry  to  tlie 
south  of  the  St.  Lawrence  River  with  a  lock  of  4S  fe«'t  lift  near  the 
lower  end. 

The  surveys  and  investigations  were  made  with  i««fereiice  to  estab- 
lishing two  iMcks  of  -'4  feet  lift  each,  but  rock  <-oul<l  not  be  found  at 
the  proper  elevation  for  such  a  i)roject,  an<l  tlierefore  designs  and 
estimates  have  been  made  for  a  single  lock.  The  cost  for  a  single 
lock  will  be  somewhat  less  than  for  two,  and  the  lime  for  passing  a 
vessel  will  average  over  a  half  hour  less  for  a  siiiirh-  lift  than  with 
two  locks  having  half  the  total  lift  each. 

l>elow  the  Long  Sault  Rapids  the  channel  will  recpiire  wi«lening  in 
places  to  obtain  iM.feet  depth,  tJOU  feet  wide,  an<l  for  30-foot  navi- 
gation the  channel  will  have  to  be  deepened  and  widened  for  the 
reaches  shown  on  plates  42  and  43,  and  described  in  detail  in  the 
report  of  the  assistant  engine<'r  in  charge  of  the  surveys.  Appendix 
No.  11. 

The  fluctuation  of  the  water  surface  above  an<l  below  the  Long  Sault 
Rapids  varies  from  i'  to  4  feet  under  nonnal  conditions  of  the  river, 
but  at  times  of  ice  jams  in  the  vicinity  of  St.  Regis  Island,  which  last 
fron)  one  to  three  months,  the  water  at  the  mouth  of  Grass  River 
generally  rises  from  10  to  2o  feet  above  low  stage. 

MATERIALS   TO   BE    EXCAVATED. 

Borings  were  made  at  freciuent  intervals  in  the  bed  of  the  river  and 
along  the  alignment  of  the  canal  sections  to  determine  the  nature  of 
the  material  above  bottom  grade  of  the  proposed  waterway. 

Rock,  whei-e  above  bottom  grade  of  the  waterway,  is  a  dark  gi"ay 
limestone,  and  well  adapted  for  use  in  constructing  dams,  locks,  slope, 
and  retaining  walls.  The  higher  portions  of  the  points  and  islands 
crossed  by  the  proi)osed  route  have  a  rich,  shallow,  loamy  surface 
overlying  a  core  of  bowlder,  clay  approaching  close  to  the  surface  on 
the  upstream  side,  while  on  the  downstream  side  considerable  clay, 
saiul,  and  softej'  nmterials  are  fre<iuently  found,  a  complete  classifi- 
cation of  which  will  be  found  in  Ai)i)«Mulix  No.  11. 

Estimates  for  Jtf-foot  channel. 

E.xcavation .  $2fi.  460. 021 

Retaining  walls,  slope  walls,  and  back  fill .  567.  716 

Embankment 88,  039 

Right  of  way  and  drainage  270,  ll'y 

Higliways 920 

Bridges  and  ferries  242, 888 

Locks .  :!.:348,313 

Dams 129.011 

Operating  plant  300. 000 

Piers  and  cribs  .  878. 170 

32,285,*53 
Engineering.  8Ui)erinrendence,  and  contingencies,  10  per  cent 3. 228.  .585 

Total ;"),514,438 
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Estimates  for  -2 1-foot  channel. 

Excavation --    -- $14,620,422 

Retaining  walls,  slope  walls,  and  back  fill 506, 557 

Embankment... -   --    86,163 

Rightofway 270,775 

Highways - . .      .     -    920 

Bridges  and  ferries ....    .    242, 888 

Locks -..- --- 2,198,689 

Dams 129,011 

Operating  plant  ._ -..  300,000 

Piers  and  cribs  _    .    .    760,132 


19. 115,r)57 
Engineer  ng,  superintendence,  and  contingencies,  lo  per  cent.  1 .  91 1 ,  r)r)6 

Total ._..    ,-.-.    :.'!, 027,113 

NORTHERN    DIVISION. 

The  .surveys  ami  inv^estigations  of  routes  from  the  .St.  Lawrence 
River  to  Lake  Champlain  were  commenced  in  July,  181)8,  by  a  party 
nnder  the  clmrge  of  Mr.  Frank  P.  Davis,  assistant  enjrineer,  and  were 
completed  in  May,  1899,  the  details  of  wliicli  will  be  f(»nnd  in  Appen- 
dix No.  12. 

A  careful  barometric  leconnoissauce  was  made  by  the  Board  in 
advance  of  field  work  and  limits  fixed  for  the  location  of  routes  and 
areas  of  country  to  be  covered  by  the  surveys.  The  divide  between 
Lake  Champlain  and  the  St.  Lawrence  is  about  12  miles  west  of  Kings 
Bay  and  has  an  elevation  of  218  feet  above  mean  ti<le  at  New  York, 
or  about  OG  feet  above  the  low-w^ater  stage  of  Lake  St.  Francis. 

The  surface  of  the  countrj^  northwest  of  the  divide  gradually  drops, 
and  for  23  miles  at  the  western  end  of  the  division  is  below  the  level 
of  Lake  St.  Francis;  but  to  avoid  deepening  the  cut  through  the  divide 
the  Lake  St.  Francis  level  is  carried  through  to  within  4  miles  of  Lake 
Champlain. 

The  proposed  route  was  located  with  reference  to  keeping  on  land 
of  sucli  elevation  that  the  material  to  be  excavated  would  be  generally 
sufficient  to  foi-m  the  embankments,  and  also  that  the  surface  of  the 
canal  should  not  be  so  much  above  the  general  level  of  the  country  as 
to  be  dangerous  to  adjacent  lands. 

For  a  distance  of  about  12  miles  west  of  Aubrey  the  surface  of  the 
canal  will  be  from  10  to  12  feet  above  the  general  level  of  the  adjacent 
country,  and  for  a  waterway  of  21  feet  depth  more  nmterial  will  be 
required  for  embankments  than  can  be  obtained  from  the  excavation, 
and  for  10  miles  the  estimates  have  been  made  for  depths  of  23  to 
25  feet. 

In  the  preliminary  i)roject  it  was  proposed  to  cross  the  Chateauguay 
River  with  an  aqueduct  a  short  distance  below  the  dam  at  Ormstown, 
but  owing  to  danger  of  floods  from  ice  jams  ft  new  location  and  esti- 
mates for  tiie  waterway  w^ere  made  in  October,  1899,  based  on  plans 
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for  raising  the  level  of  the  C'hateaiigay  to  that  of  the  canal,  l)y  build- 
ing a  (lam  al>out  3,200  feet  above  the  sit^  of  th<'  propoHed  aque<hu't, 
and  confining  the  river  between  dikes  on  each  side  of  tlie  river  from 
Ormstown  to  Huntington,  about  !t^  miles. 

A  similar  plan  was  adopted  at  the  crossing  ol  tiu^  Knglisii  Riv^-r 
near  Aubrey,  with  overflow  weirs  for  tin*  disj-harge  of  flood  waters 
from  the  river.  In  both  cases  the  drainage  of  adjacent  lands  has  l>een 
provided  for  by  ditches  and  by  siphons  under  the  canal. 

The  Chazy  River,  which  flows  into  Lake  C'hamjiUiin  at  Kings  Bay, 
is  intersected  by  the  waterway  location  near  C3ham plain,  and  as  the 
stream  is  the  source  of  water  supply  for  the  town  and  for  power  pui'- 
poses,  it  has  been  necessary  to  make  designs  and  estimates  for  rectifj'- 
ing  the  river  channel  so  as  to  take  the  river  discharge  into  the 
waterway  without  injury  to  the  existing  water  rights,  the  details  of 
which  are  fully  described  in  Appendix  No.  12, 

LOCKS. 

In  order  to  maintain  a  water  supply  for  the  Hudson  River  division 
of  the  Champlain  route  it  is  proposed  to  regulate  the  level  of  Lake 
Champlain  at  or  above  a  stage  of  100  feet  above  mean  tide  at  New 
York,  making  the  fall  from  Lake  St.  Francis  to  Kings  Bay  about 
52.4  feet.  This  can  be  overcome  by  a  single  lock  for  the  total  lift,  or 
by  two  locks  of  26.2  feet  lift  each;  but  since  the  time  for  a  passage 
of  a  vessel  will  be  about  a  half  hour  less  with  a  single  lock  than  with 
two,  and  as  the  cost  of  construction  and  maintenance  will  l>e  less,  de- 
signs of  structures  and  estimates  have  been  made  for  a  project  with 
single  lock. 

The  extreme  fluctuation  of  Lake  St.  Francis  during  the  season  of 
navigation  is  about  3.5  feet,  and  to  prevent  the  excessive  currents  and 
high  water  in  the  level  of  the  canal  a  guard  lock  is.required  near  the 
entrance.  This,  however,  will  have  to  be  operated  as  a  lock  for  only 
a  short  period  of  each  year. 

WATER   SUPPLY. 

The  supply  of  water  for  lockage  on  the  Hudson  River  Division  and 
to  furnish  the  necessary  flow  down  the  Richelieu  River  during  low- 
water  seasons  will  re<iuire  about  1,500  cubic  feet  per  second  for  from 
one  to  three  months  each  year,  or  a  mean  flow  of  one-fourth  of  a  foot 
per  second  in  a  waterway  30  feet  deep  and  one-third  of  a  foot  j>er 
second  in  a  21-foot  waterway. 

MATERIAL  TO   KE    i..M  a  %  a  i  KD. 

Borings  were  made  at  intervals  of  almut  1,000  feet  along  the  align- 
ment of  the  route  to  determine  the  elevation  of  the  rock  surface  where 
above  bottom  gtade  of  the  canal,  and  four  <Iiamond-drill  holes  were 
l)ut  down  at  locations  whicli  show  the  general  chaiacter  of  roek  to  be 
excavate<l  and  the  nature  of  the  foundations  for  locks  and  for  the 
Chateauguy  River  Dam.     (See  Appendix  No.  18.) 
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From  tlie  St.  Lawrence  to  the  Chateaujjruuy  at  Orinstowii  the  bed  of 
the  canal  will  be  in  limestone  rock  for  about  one-half  the  distance. 
P^'roni  Ormstown  to  the  Englisli  River  the  cuttin*;  will  be  mostly 
through  clay,  with  occasional  mounds  of  bowlders,  and  from  the 
English  River  to  Champlain  the  cutting  is  through  limestone,  sand- 
stone, and  quai'tzite  j'ock.  The  soil  overlying  the  rock  is  mostly  a 
stiff  clay  with  occasional  bowlders. 

Rock  for  concrete,  slope,  and  retaining  walls  can  be  obtained  within 
reasonable  hauling  distance  from  material  to  be  excavated,  but  all 
sand  for  construction  will  probably  have  to  be  brought  from  either 
Lake  St.  Francis  or  Lake  ('hamplain. 

Estimate  for  30-foot  channel. 

Excavation .^ >;47.792.597 

Retaining  walla,  slope  walls,  and  back  fill  i.  630. 108 

Embankment... _   -    .    .  1.705,922 

Right  of  way 681,590 

Railway  changes    218,599 

Bridges  and  ferries. .  1.117,949 

Entrance  of  streams 31,645 

Dams,  drains,  sluice  gates,  etc 243,240 

Cr !  bs  at  lock  approaches                    _ 151, 436 

Loc.s          .    _. 2.526,653 

Operating  plant .    ..         200,000 

Regulating  works.  Lake  Chatnplain     _     ..  890,244 


58.189,983 
Engineering,  superintender.ce.  and  contingencies.  10  per  cent .       5, 818, 998 


Total 64, 008,  981 

Kstimati'  for  J  1-foot  channel. 

Excavation. _...    . .    ,     . $34,978,172 

Re  ain  ng  walls,  slope  walls,  nnd  back  fill . 1.804, 188 

Embankment ... 1.766,991 

R'ghtofway.   681,51)0 

Railway  changes 218.599 

Bridges  and  ferries ...    1,020,247 

Entrance  of  streams . .  31,645 

Dams,  drains,  sluites.  ga  es,  etc 243, 240 

Cribs  at  lock  appi-oaches  .. .  115,234 

Locks 1,606,832 

Operating  plant      ._ . 200,000 

Regulating  works.  Lake  Champlain.    890,244 


43, 556, 980 
Engineering,  superintendence,  and  contingencies,  10  per  cent   4, 355, 698 


Total ._       47,912,678 

REGULATING    LAKE    CHAMPLAIN. 

The  project  of  a  down-grade  canal  from  Lake  Ontario  to  Albany,  via 
Lake  Champlain  and  Hudson  River,  requires  that  the  supply  of  water 
for  locks  south  of  Lake  Champlain  be  taken  from  the  lake,  and  in 
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Drder  to  seeiiro  an  ;uUM|UHt<'  flow  from  Whitehall  to  Fort  E<lwar<l  the 
level  of  th<»  lak<'  must  be  inaintairied  at  an  elevation  of  about  100  feet 
above  mean  tide  at  New  York.  The  fluctuation  of  the  monthly  mean 
levels  of  the  lake  is  about  0.5  fet't,  which  must  be  reduced  to  l.o  feet 
inoi-<ler  to  properly  control  the  flow  from  the  lake  to  the  Hudson  River. 

The  outflow  from  the  lake  throujjjh  the  Richelieu  River  varies  from 
4,000  cubic  feet  per  second  at  low  water  to  about  30,000  cubic  feet  per 
second  at  hijj^h  water,  which  is  utilized  at  C'hambly,  Quebec,  for  de- 
veloping? power,  and  must  be  mainlMined  fiillv;is  Imi-it*'  /"or  low  st;iir«'S 
as  under  natural  conditions. 

To  accomplish  this  it  is  ])roposed  to  construct  a  dam  across  the  foot 
of  the  lake  1.5  miles,  south  of  Rouses  Point,  with  a  lock  for  the  [lassage 
of  vessels,  and  sluice  gates  of  such  dimensions  that,  when  all  the  gat^s 
are  open,  the  maximum  volume  of  supply  t<)  the  lake  may  l)e  passed. 
The  details  of  this  pi-oject  are  descriy)ed  in  Api)endix  No.  8. 

ESTIMATE. 

Lock  and  channel $::{5H,  364 

Rejiularsluices  .   ..    134.258 

Dam         .    402.  622 

8J0,  :^-44 
Engineering,  superintendence,  and  contingencies,  10  per  cent 89. 024 

Total  .     979, 268 

HUDSON   RIVER   DIVISION. 

The  surveys  and  examinations  of  this  division  were  made  by  a  party 
under  the  direction  of  Mr.  C.  L.  Harrison,  assistant  engineer,  between 
April,  1898,  and  January.  1809,  and  ai-e  fully  discussed  in  Aj)peT)dix 
No.  10. 

The  division  extends  from  deep  water  in  Lake  Champlain  at  Port 
Henry  to  the  junction  with  the  Oswego-Mohawk  route  at  the  mouth  of 
Normans  Kill,  below  Albany,  a  distance  of  109  miles,  made  up  as  fol- 
lows: Narrows  of  Lake  Champlain,  30  milt\s;  canal  from  Whitehall 
to  Fort  Edward,  23.4  miles;  <-analized  river  Fort  Edwanl  to  mouth 
of  Normans  Kill,  49.0  miles. 

From  the  State  dam  at  Troy  to  the  mouth  of  Normans  Kill  tlie 
waterway  is  part  of  the  tidal  or  Lower  Hudson,  but  has  been  included 
in  this  division  for  the  purpose  of  comparisim  of  routes. 

The  low- water  elevation  of  the  Hudson  River  at  Fort  Edward  under 
present  conditions  is  117.0  feet  above  mean  tide  at  New  York,  and  is 
maintained  at  this  stage  by  a  dam  at  Fort  Miller,  7.1  miles  l>elow. 

Two  different  projects  for  a  waterway  from  Lake  Champlain  to  the 
Hudson  were  investigated,  viz:  first,  a  high-level  canal  with  summit 
elevations  at  117.0  feet  alM)ve  mean  tide,  aiul  water  supply  for  o[K'ra- 
tion  and  lockage  to  b*- obtained  fi-oin  reservoirs  on  the  Ui»p«M- Hu<i^oT! ; 
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and,  second,  a  down-^rade  canal  witli  a  summit  elevation  of  100  feet 
from  Lake  Champlain  to  Northnmberland,  2.-5  miles  below  Fort  Miller, 
with  water  snpply  to  be  obtained  from  Lake  Champlain  when  the 
Hudson  River  flow  is  not  in  excess  of  that  needed  for  power  purposes. 

A  preliminary  estimate  developed  the  fact  that  the  cost  for  addi- 
tional locks,  reservoirs,  and  damages  to  water-power  privileji^es  would 
make  the  cost  of  the  higli-level  canal  nearly  the  same  as  for  the  down- 
grade waterway,  and  as  the  latter  would  cost  less  to  maintain  and 
would  save  about  one  hour  in  time  of  passage  of  each  vessel,  it  was 
adopted  as  the  project  on  whicli  to  base  estimates. 

The  waterway  from  Lake  Champlain  to  Fort  Edward  will  be  in 
excavation  for  the  entire  distance,  and  has  been  designed  and  estimated 
for  the  standard  dimensions  of  cross  section  shown  on  figs.  2  and  3, 
but  from  Fort  Edward  to  Albany  tlie  cross  section  must  be  such  as  to 
not  only  afford  good  navigation,  but  to  carry  the  flood  waters  of 
the  river  with  a  velocity  which  will  not  erode  the  banks,  or  less  than 
4  feet  per  second. 

From  a  careful  study  of  the  records  of  previous  surveys,  and  from 
the  elevations  of  well  established  high-water  marks,  it  is  safe  to  state 
that  the  range  of  the  floods  for  the  past  sixty  years  is  quite  accurately 
known. 

During  this  period  two  notable  high  waters  have  occurred — April, 
1869,  and  April,  1896,  the  formei-  being  from  1.5  to  3  feet  higher  than 
the  latter,  as  shown  by  the  records  for  different  points.  A  flood  like 
that  of  1896  is  not  likely  to  occur  oftener  than  once  in  fifteen  to  twenty 
years,  and,  since  the  duration  of  the  maximum  flood  seldom  exceeds 
one  day,  a  channel  designed  to  carry  the  discharge  with  a  mean 
velcjcity  of  less  than  4  feet  per  second  may  be  considered  safe.  From 
the  depths  on  the  dams  at  Fort  Edward  and  Mechanicville,  and  from 
the  recent  observations  at  Cornell  University  to  determine  the  coeffi- 
cient of  the  weir  formula,  it  has  been  found  that  the  discharge  at  the 
two  dams  in  1896  was,  respectively,  47,700  cubic  feet  per  second  and 
65,800  cubic  feet  per  second. 

In  fixing  the  ci-oss  sections  for  the  waterway  it  was  assumed  that 
17,000  cubic  feet  per  second  could  be  turned  toward  Lake  Champlain 
through  the  canal  at  times  of  heavy  floods  in  tlie  Hudson,  thereby 
reducing  the  volume  of  maximum  flow  between  Fort  Edward  and 
Fort  Miller  to  32,000  cubic  feet  per  second;  35,000  cubic  feet  per 
second  at  Dam  No.  2,  and  48,800  cubic  feet  per  second  at  Dams  Nos. 
3,  4,  and  5. 

At  low  water  the  pools  between  respective  locks  are  practically  level, 
which  fixes  the  elevation  of  the  bottom  of  the  waterway,  but,  since  the 
depth  on  the  crests  of  the  dams  is  about  5  feet  more  at  times  of  fresh- 
ets, a  system  of  movable  crests  for  these  dams  can  be  constructed,  by 
which  the  low-water  level  may  be  raised  from  3  to  4  feet,  thereby 
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diminishing  the  range  of  stage  a  like  amount,  and  at  the  same  lime 
largely  reducing  the  amount  of  excavation. 

The  low-water  stage  un<h'r  present  ooiulitions  is  not  detinitciy  fixed, 
for  the  reason  that  the  water  wheels  installed  at  the  dams  have  a 
greater  capacity  than  the  volume  of  low- water  flow,  and  as  a  result  the 
water  in  the  pools  is  often  drawn  <lown  from  1  to  '2  tVet  Iwdow  the 
crests  of  the  dams.  To  maintain  the  recjuireil  navigable  depth  with 
the  river  improved  by  locks  and  dams,  the  use  of  water  would  have 
to  be  limited  to  the  volume  of  supply. 

If  the  location  and  elevation  of  dams  can  be  maintained  nearly  the 
same  as  at  present,  it  is  evident  that  the  industries  depending  upon  the 
power  at  the  dam  sites  will  not  be  materially  modified,  and  if  moveable 
crests  for  the  dams  be  used  the  amount  of  available  power  at  low 
water  will  be  considerably  increased. 

Fortunately  such  plan  can  l)e  followed,  except  at  Fort  Miller,  where 
it  will  be  necessary  to  completely  i-emove  the  dam  in  order  to  carry 
the  C'hamplain  level  to  Northumberland. 

Starting  with  a  low-water  elevation  of  100  feet  above  mean  tide  in 
the  summit  level,  it  is  proposed  to  make  the  drop  from  Lake  Cham- 
plain  to  tidewater  with  six  locks,  with  lifts  varying  from  15  to  20 feet 
each. 

MATEBIAL  TO   BE   EXC.\V.\TED. 

In  Lake  Champlain  there  is  a  small  quantity  of  shale  above  bottom 
grade  of  the  30-foot  channel,  and  at  the  elbow  about  1  mile  north  of 
Whitehall  both  channels  cut  for  a  distance  of  800  feet  a  projecting 
point  of  quartzite  rock  about  35  feet  above  lake  level. 

The  earth  in  the  bed  of  the  lake  is  mostly  sand,  silt,  and  mud. 
From  Whitehall  to  Fort  Ann  the  rock,  where  above  grade,  is  a  hard 
quartzite  overlaid  with  sand  and  clay. 

Between  Fort  Ann  and  Fort  Edward  a  haid  shah'  or  slate  is  lound 
above  grade  in  several  places,  which  disintegrates  lapidly  when  exca- 
vated and  exposed  to  the  air. 

The  cutting  through  the  summit  of  the  divide  between  Lake  C'haiu- 
plain  and  the  Hudson  is  from  30  to  45  feet  above  the  surface  of  the 
proposed  waterway  for  a  distance  of  10  miles. 

From  Fort  Edward  to  Normans  Kill  the  rock,  where  cut  by  the 
channel,  is  a  slate  or  shale  in  ii-regular  layers,  with  a  sharp  dip  to  the 
eastward,  overlaid  with  sand  and  clay. 

In  the  Hudson  below  the  State  dam  at  Troy  there  are  a  number  of 
large  deposits  of  bowldei-s,  stone,  and  gravel,  mixed  with  clay  and 
sand. 

On  the  northern  portion  of  the  division  sand  and  rock  suitable  for 
concrete  and  for  slope  and  retaining  walls  can  be  obtained  from  the 
excavation,  but  for  all  structures  on  the  Hudson  material  will  luive 
to  be  brought  in. 
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STRUCTURES. 

One  ^iiard  look  and  six  locks  and  dams  will  be  required,  at  four  of 
which  movable  crests  on  the  dams  will  be  needed  to  secure  the  l)est 
results  at  minimum  cost. 

Tlie  location  and  description  of  bridj^es  needed  are  i^iven  in  Appen- 
dix No.  10. 

Power  foi-  operating  gates  and  machinery  may  be  generated  at  each 
lock,  and,  as  the  watei-  supply  is  to  be  brought  from  tlie  St.  Lawrence 
River,  such  arrangement  will  not  infringe  on  existing  water  rights. 

STABILITY   OF   CHANNEL. 

The  Upper  Hudson  carries  but  little  sediment,  except  at  times  of 
heavy  floo<ls,  and  a  comparison  of  the  present  profile  with  that  from 
a  survey  made  in  IStJG  indicates  tliat  there  has  been  only  slight 
changes  in  the  bed  of  the  river  and  alignment  of  tlie  banks,  and, 
since  the  slope  and  velocit}^  of  current  in  the  proposed  waterway  will 
be  less  than  under  present  conditions,  it  is  probable  that  but  little 
excavation  will  be  needed  to  mantain  a  navigable  channel. 

Estimate  for  So-foot  chanml. 
With  fixed  dams: 

Excavation $82.2-58,924 

Retaining  walls,  slope  walls,  and  back  fill 3,455,867 

Right  of  way     .  8, 414, 350 

Entrance  of  streams - 173, 196 

Bridges  and  ferries - -  2. 062, 355 

Gates  for  by -pass . _  52, 115 

Locks • 6.879, 095 

Dams 139.568 

Operating  plant ---  700.000 

Piers  at  lock  approaches 764,145 

Railroad  changes    124.500 

99. 023, 615 
Engineering,  superintendence,  and  contingences,  10  per  cent  -.   .       9,902,361 

Total 108,92-),976 

With  movable  dams: 

Aggregate  cost  of  above  items 93. 833, 615 

Engmeering,  superintendence,  and  contingencies,  10  per  cent  . .        9, 383, 362 

Total - - -.    103,216,977 

Estimate  for  21- foot  channel. 
With  fixed  dams: 

Excavation. ,, $53,024,282 

Retaining  v^ralls,  slope  walls,  and  back  fill 1 ,  951 ,  893 

Rightofway. 3,414,3.50 

Entrance  of  streams -. 173, 196 

Bridges  and  ferries  . 1,903,943 

Gates  for  Ijy-pass '.... ..,.  43,385 
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Estimate  for  ^1-foot  channel — Continue*!. 

With  fixed  clams — Continueil. 

Locks ■1:1,297,015 

Dams i;w,.j«i8 

Operatinu:  plant 700, 000 

Piers  at  lock  approaches  714, 341 

Railroad  changes. 124, 500 


66, 486, 473 
Engineering,  superintendence,  and  contingencies,  10  per  cent 6, 048.  647 


Total .     73,1:35,120 


With  movable  dams: 

Aggregate  cost  of  above  items    i>  1 ,  752, 473 

Engineering,  superintendence,  and  contingencies.  10  per  cent 0, 175, 247 


Total - 67,927,720 

THE   TIDAL   HUDSON. 

With  the  exception  of  a  short  reach  of  river  opposite  Germaiitown, 
there  is  a  navigable  channel  21  feet  deep  from  Hudson  City  to  tide 
water  at  ^^ew  York,  but  for  .30-foot  navijjation  dredgin<j:  Avill  be 
required  near  Livingston  Light,  at  Geruiantown  Crossing,  at  Barry- 
town  Crossing,  opposite  Rhinebeck,  in  Haverstraw  Bay,  and  in  Tappan 
Sea. 

From  Hudson  to  the  State  Dam  at  Troy  navigation  is  obstructed  by 
numerous  bars  wliich,  under  the  existing  project  for  improvement  of 
the  river,  are  being  removed  to  a  d^pth  of  ]-2  ftnn  for  a  width  of  400 
feet. 

Below  Albany  the  river  is  susceptible  of  easy  improvement  for  a 
depth  of  30  feet,  but  will  probably  be  expensive  to  maintain  for  depths 
of  over  21  feet.  Between  Troy  and  Albany  a  large  amount  of  rock  is 
encountered  above  the  bottom  grade  of  both  the  21-foot  and  oO-foot 
channels,  and  for  a  distance  of  (5,000  feet  below  the  State  Dam  the 
material  overlying  the  bed  rock  is  largely  stone  and  bowlders  and  will 
be  expensive  to  excavate.  The  adoption  of  Normans  Kill  as  a  part  of 
the  Oswego-Mohawk  route  eliminates  the  worst  features  of  the  Hudson 
River  improvement  from  the  proposed  route  and  leaves  that  part  of 
the  project  easy  to  construct. 

The  tidal  division  of  the  river  extends  to  the  State  Dam  at  Troy, 
but  owing  to  the  bars  above  Albany  the  range  of  the  tides  diminishes 
rapidly  above  that  place. 

At  an  average  stage  of  the  river  the  ebb  currents  are  well  defined, 
but  the  effect  of  flood  tide  is  only  apparent  from  slackening  of  the 
current  and  the  rising  of  the  water  surface.  At  the  low  stage  of  the 
river  the  tidal  currents  become  alternating  and  are  well  defined  in 
both  directions. 

H.  Doc.  14.' •; 
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A  stud}-  of  the  rise  and  fall  of  the  tides  under  the  present  conditions 
of  the  river  channel  indicates  that,  with  the  channel  d€ex)ened  to  21 
feet,  the  elevation  for  low  Avaterat  the  State  Dam  would  be  about  1.23 
feet  above  mean  low-v\'ater  at  New  York,  and  that  the  range  of  the 
tides  would  be  largely  increased. 

The  proposed  project  for  the  Improvement  of  the  river  is  based  on 
channels  21  and  30  feet  deep,  300  feet  wide  for  a  distance  of  20,800  feet 
below  the  State  Dam,  400  feet  wide  for  3G,G40  feet,  and  600  feet  wide 
thence  to  New  York.  The  existing  regulating  dikes  can  be  utilized 
in  case  the  improvement  should  be  carried  out,  but  about  23,500  linear 
feet  of  dikes  additional  will  be  needed  to  prevent  inflow  of  silt  from 
cross  currents  due  to  rise  and  fall  of  tides  and  to  limit  the  width  of  the 
channel  at  i>oints  where  the  cijoss  section  of  the  river  is  large  in  rela- 
tion to  the  depth. 

The  reach  from  the  State  Dam  to  the  mouth  of  Xormans  Kill,  which 
constitutes  a  part  of  the  Champlain  route,  will  l)e  the  most  difficult  to 
improve  and  maintain. 

From  the  Junction  of  the  two  routes  to  deep  water  in  the  lower  river 
the  material  to  be  excavated  is  mostly  sand,  gravel,  and  clay,  except  at 
a  few  i)laces  where  shale  rock  is  found  above  the  bottom  grade  of  the 
proposed  waterways. 

There  are  five  bridges  across  the  river  in  the  vicinity  of  Albanjand 
Troy  which  will  have  to  be  reconstructed  in  case  the  waterwaj'  via  the 
Champlain  route  should  be  adopted,  but  below  the  junctions  of  the 
two  i-outes  at  the  mouth  of  the  Normans  Kill  the  only  bridge  across 
the  river  is  that  at  Poughkeepsie,  which  has  a  clear  height  above  the 
M'ater  surface  of  lUO  feet. 

The  general  location  and  width  of  proposed  channels  are  shown  on 
plates  56-59  and  are  described  in  Appendix  15. 

Estiviate. 

BELOW   NORM.\NS   KILL. 

30- foot  channel: 

Excavation §9.233,103 

Dikes 206,413 

9,439,516 
Engineering,  superintendence,  and  contingencies,  10  per  cent 943. 952 

Total - 10.383,468 

21-foot  channel: 

Excavation.. -     3,575,318 

Dikes -.         206,413 

3,781,731 
Engineering,  superintendence,  and  contingencies,  10  per  cent 378. 173 

Total. 4,159.904 
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INTERMEDIATE  CHANNELS  OF  THE  LAKES. 

Under  existing?  conditions  of  the  liarbors  and  waterways  on  the 
Great  Lakes  a  ship  canal  of  21  or  more  feet  in  deptii  from  the  sealK)ard 
would  terminate  in  Lake  Erie  without  a  single  lake  harbor  of  sufficient 
depth  to  admit  sliipsof  the  draft  which  could  navigate  the  canal,  and 
without  a  connecting  waterway  with  the  uppei-  lakes  of  sufficient 
dimensions  to  allow  the  passage  <>f  fully  l<»jid('«l  \<'v.>^(.lv  fi-om  iIh-  sliip 
canal. 

The  shallow  deptlis  over  the  obstructions  to  navigation  in  tiie  St. 
Marys,  St.  Clair,  and  Detroit  rivers  fix  the  limit  of  draft  of  vessels 
for  tlie  entire  lake  system  of  waterways,  the  improvement  of  which  is 
of  the  highest  importance  to  the  internal  commerce  of  the  countrj'. 
The  act  of  Congress  of  Julj-  13,  1892,  provided  for  the  construction  of 
a  ship  channel  having  a  navigable  depth  of  20  feet  through  the  shal- 
lows of  the  connecting  waters  of  the  Great  Lakes  where  such  depths 
had  not  already  l)een  obtained  by  previous  improvements. 

The  channels  actually  constructed  under  this  act  are  reported  to  be 
20  feet  deep  below  the  mean  stage  of  Lake  Superior  and  St.  Marj^s 
River,  about  20.5  feet  deep  below  the  mean  stage  of  Lake  Huron,  St. 
Clair,  and  Detroit  rivers,  and  21  feet  deep  below  mean  level  of  Lake 
Erie,  except  through  a  portion  of  the  lower  reach  of  the  Detroit 
River,  where  the  least  depth  at  low  water  is  about  18  feet,  making  an 
improvement  of  about  3  feet  at  this  locality  necessary  to  obtain  a 
navigable  channel  of  21  feet  depth  through  the  river  at  low  stage. 

Tlie  sj'stem  of  improvement  of  lake  waterways  in  vogue  consists  in 
deepening  existing  channels  at  places  where  of  less  depth  than 
required  for  ships  best  adapted  for  transporting  the  commerce  of  the 
lakes,  the  result  of  which  has  been  that  the  general  level  of  the  whole 
system  has  been  lowered. 

The  mean  level  of  Lake  Huron  is  apparently  about  1  foot  lower  than 
it  was  fifteen  years  ago,  which  change  has  resulted  from  the  enlarg- 
ing and  deepening  of  channels  for  waterway  improvements  and  from 
the  natural  erosion  of  the  bed  of  the  river  at  the  outlet  of  the  lake. 
This  change  of  stage  in  Lakes  Huron  and  Michigan  has  produced  a 
like  effect  in  the  depth  of  channel  through  the  St.  Marys  River  below 
the  St.  Mai-ys  Rai)ids.  Lakes  Erie,  Huron,  and  Michigan  have  a 
fluctuati(m  from  high  to  low  stages  of  about  4.5  feet,  and  since  the 
depth  through  the  shallow  portions  of  the  connecting  waterways  is 
less  than  that  required  for  ships  of  dimensions  ]>est  adapted  for  the 
lake  traffic,  vessels  are  generally  constructed  for  a  draft  equal  to  the 
average  depth  to  be  expected  in  the  channels. 

The  only  api>arent  remedy  for  this  condition  is  to  make  the  connect- 
ing channels  equal  in  depth  to  those  of  the  terminal  harbors,  or  to 
reguhite  the  level  of  the  lake  so  as  to  maintain  the  depth  in  shallow 
channels  nearly  constant  during  the  season  of  navigation. 
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Estimates  have  been  made  for  channels  21  and  30  feet  deep,  when 
Lake  Erie  is  at  stage  of  standard  low  water,  and  also  for  the  stage 
which  Avould  exist  if  the  level  be  maintained  at  fixed  elevation  by 
regulation. 

LAKE   ERIE    CHANNELS. 

At  the  head  of  Lake  Erie  the  depth  at  low  stage  of  the  lake  is  less 
than  20  feet  for  a  distance  of  about  5  miles  from  the  mouth  of  the 
Detroit  River,  but  with  the  level  which  would  exist  with  the  lake  reg- 
ulated no  improvement  would  be  required  for  a  21-foot  channel. 

To  establish  30-foot  navigation  a  cutting  would  have  to  be  made  in 
the  l)ed  of  the  lake  for  about  10  miles,  having  a  depth  of  about  10  feet 
for  over  half  the  distance.  Such  a  channel  would  deteriorate  rapidlj^ 
from  deposits  due  to  wave  action  and  cross  currents,  and  would  require 
dredging  annually  to  maintain. 

DETROIT   RIVER   CHANNELS. 

For  a  distance  of  about  5  miles  near  the  mouth  of  the  river  a 
crooked  channel,  18  feet  to  20  feet  deep  at  mean  stage,  has  been 
excavated  through  the  bowlder  and  limestone  reefs  which  obstruct 
the  waterway,  but  for  safe  navigation  the  channel  should  be  straight- 
ened and  made  the  required  depth  for  a  width  of  at  least  GOO  feet. 

LAKE   ST.  CLAIR. 

The  depth  of  the  lake  along  the  channel  line  is  about  19  feet  for 
low  stage  under  normal  conditions,  and  21  feet  at  the  low  stage  which 
would  exist  with  the  level  of  Lake  Erie  regulated.  The  grade  of 
a  21-foot  navigable  channel  would,  therefore,  be  but  little  below 
the  natural  bed  of  the  lake,  but  for  30-foot  navigation  the  cutting 
would  be  from  9  feet  to  11  feet  deep,  and  no  doubt  would  require  fre- 
quent dredging  to  maintain  a  navigable  depth  for  full  width  of  the 
waterway. 

ST.    CLAIR    FLATS. 

A  channel  300  feet  wide  and  20  feet  deep  at  mean  stage  has  been 
dredged  between  piers  from  deep  water  in  the  South  Channel  to  the 
lake.  The  velocity  of  current  through  the  canal  is  about  1.7  miles 
per  hour,  and  to  make  navigation  safe  for  the  great  volume  of  com- 
merce through  the  waterway  the  channel  should  be  widened  to  600 
feet  and  deepened  to  correspond  with  whatever  depths  may  be 
adopted  for  the  lake  waterways. 

The  excavation  would  be  mostly  sand,  clay,  and  gravel  and  can  be 
easily  executed  with  a  hydraulic  dredge. 

Through  the  St.  Clair  River  but  little  improvement  will  be  needed 
above  the  delta  for  either  the  21  or  30  foot  waterways,  except  to 
widen  and  straighten  the  channel  at  some  of  the  bends  and  to  cut 
through  the  middle  grounds  at  Port  Huron,  Marysville,  and  St.  Clair. 
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LAKES   HURON    AND    MICHIGAN. 

At  the  outlet  of  Lake  Tliiroii  a  eliaiinel  21  feet  deep  and  over  r.oO 
feet  wide  extends  from  deep  water  in  the  lake  into  the  liead  of  tlie  St. 
Clair  River.  Through  the  eastern  end  of  the  bar  l)etvveen  the  lake 
and  the  head  of  the  river  a  channel  800  feet  wide  and  40  feet  \(>  70 
feet  deep  has  been  scoured  during  recent  j'ears,  an<l  probal^ly  will 
continue  to  widen  from  natural  erosion.  The  material  eroded  from 
the  bar  is  very  likely  deposited  on  the  middle  grounds  whidi  have 
foi'med  in  the  river  opposite  Port  Huron  and  Marysvllh'.  A  naviga- 
ble 30-foot  channel  through  this  waterway  will  require  that  the  chan- 
nel whi(;h  has  been  scoured  through  the  natural  barrier  at  the  outlet 
of  the  lake  be  dredged  to  a  width  of  GOO  feet.  The  decrease  of  slope 
which  would  be  required  for  the  discharge  through  such  enlarged  out- 
let would  lower  the  general  level  of  Lakes  Huron  and  Michigan,  and 
unless  the  low-water  slopes  of  the  river  be  decreased  by  regulating 
the  levels  of  Lakes  Erie  and  St.  Clair  th  •  results  might  l)e  a  serious 
obi«'ctioii  to  such  a  project  of  improvement. 

ST.    MARYS   RIVER. 

The  route  from  the  locks  at  the  Sault  to  deep  water  in  ]\Iud  Lake 
has  been  located  thi-ough  Hay  Lake  and  the  West  Neebish  Channel 
for  the  reason  that  the  distance  is  less  and  the  route  can  be  constructed 
for  less  cost  than  through  the  other  branches  of  the  river. 

The  estimates  are  based  upon  channels  21  and  30  feet  deep,  GOO  feet 
wide  for  standard  low  water  in  Lake  Huron,  and  also  for  tlie  low 
stage  with  the  level  of  Lake  Erie  regulated. 

At  the  St.  ]Marys  Falls  the  three  existing  locks  are  considered  ample 
to  accommodate  the  traffic  of  Lake  Superior  ports  as  long  as  the  depth 
of  the  lake  harbors  does  not  exceed  21  feet,  but  for  greater  depth  of 
harboi-s  and  connecting  waterways  a  new  lock  will  be  re<iuire<l.  It  is 
true  that  one  of  the  larger  locks  is  on  the  C'anadian  side  of  the  river, 
but  since  the  vessels  of  each  country  have  equal  privileges  in  all  of 
the  locks  the  facilities  are  ample  for  the  commerce  of  the  lakes.  In 
ease  of  any  controversy  between  the  two  countries,  it  is  probal)le  that 
the  traffic  would  be  light  and  the  existing  American  locks  would  easily 
accommodate  the  business. 

Above  the  locks  channels  GOO  feet  wide  have  !)een  «'stimat»'d  from 
the  canal  to  deep  water  at  the  head  of  the  river. 

Above  the  head  of  the  St.  Marys  River  there  ar«-  im  oOsirmi  ntii>  lo 
30-foot  navigation  on  the  route,  outside  of  the  harbor  entrances. 

The  depth  to  which  the  entrances  of  the  lake  harbors  can  be  im- 
proved and  economically  maintained  is  really  the  limit  of  depth  which 
should  be  fixed  for  the  shallows  of  the  connecting  waterways.  Until 
this  limit  is  reached  there  will  be  a  <leman<l  for  deeper  waterways, 
and  any  gi-eater  depth  will  be  a  useless  waste  of  money. 

The  present  depth  of  lake  harboi-s  is  about  17  to  20  feet,  to  main- 
tain which  requires  considerable  dredging  annually. 
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The  deeper  these  harbors  are  made  the  greater  will  be  the  distance 
into  the  lake  that  the  cutting  in  the  lake  bottom  must  be  made.  The 
effect  of  wind  and  wave  action  is  to  erode  large  amounts  of  material 
along  the  shore  and  to  generate  littoral  currents  parallel  to  the  coast, 
which  transport  the  eroded  material  until  deposited  in  quiet  water. 
The  result  is  that  deep  cuts  in  the  bed  of  the  lake  fill  up  rapidly  dur- 
ing heavy  storms  and  become  more  expensive  to  maintain  as  the  depth 
of  cutting  is  increased. 

With  deep  cuts  at  harbor  entrances  it  may  ])e  necessary  to  protect 
the  channel  from  filling  with  jiarallel  jetties  extending  into  the  lake 
the  full  length  of  the  excavation. 

Estimates. 

Intermediate  lake  channels. 


;«)-foot 

channel. 

21-foot 
channel. 

I>AKE  SUPERIOR  TO  UAKE  ERIE. 

Stdudard  low  xtcuje  of  Lake  Erie. 

S16.ti(l5,(>85 

2,474,135 

681. 5(43 

3.576,679 

13,7»6.2ti9 

651.802 

S.5,586,228 

359,488 

5.5,281 

Lake  St  Clair                             .-  - 

827,073 

1,412,735 

Lake  Erie 

.>3,670 

EngineeriuK,  superintendence,  ami  contingencies,  10  per  cent . 
Total - 


Regulated  stage  of  Lake  Erie. 


St.  Marys  River . 

Lake  Hiiron 

St.  Clair  River.. 
Lake  St.  Clair  ... 
Detroit  River  ... 
Lake  Erie 


Regulated  stage  of  Lake  Erie. 


Lake  Huron 

St.  Clair  River . 
Lake  St.  Clair.. 
Detroit  River  . . 
Lake  Erie 


37,776,513 
3,777,651 


41,. 5.54, 164 


2,176,917 

494. 2a5 

2.942.846 

8,779.431 

357,928 


8,294,475 
829,448 

9,123,923 


5,7:J9,383 

4,5(95,799 

2,176.917  i 

248.962 

494. 2S5 

37.  .34:1 

2. 942.  ^4ti 

317,017 

8.779.431 

729,804 

357.928  '.. 

Engineering,  sui 

jerintendence,  and  contingencies,  10 

per 

30,490,790 
3,049,079 

6,328,925 
632,893 

Total 

33,  .539, 869 

6.961,818 

LAKE  .MICHIGAN   TO   LAKE  ERIE. 

Standard  low  stage  of  Lake  Erie. 

2,474,135 
681,943 

3.576,679 

13,786,269 

651,802 

3.59, 488 

St  Clair  River                                             

55.281 

Lake  St  Clair                              .         - - 

827,073 

1,412,7.35 

53.670 

lerintendence,  and  contingencies,  10 

pel 

<:eut 

Engineering,  su] 

21,170,828 
2,117,083 

2,708.247 
2ro.  -25 

Total 

23,287,911 

2.979,U72 

248. 962 
37.343 
317,017 

729,804 


Engineering,  superintendence,  and  contingencies,  10  per  cent 

14,751,407 
1,475,141 

1,33:3,126 
133,313 

Total                

16,226,548 

1,466,439 
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COMPARISON  OF  WATERWAYS. 

The  eliannels  thioii}j:h  the  upper  hikes  and  eoiineetin^  iiv«Ms,  with 
the  exception  of  a  few  short  reaches,  Iiave  greater  surface  widths  t  liau 
are  necessary  for  either  21  or  30  foot  waterways,  making  the  essential 
difference  in  tlie  hike  routes  to  be  constructed  one  of  deptli;  but  for 
the  waterways  from  tlie  lakes  to  the  seaboard  the  <limensions  of  the 
prisms  of  the  channels  should  have  a  fixed  relation  to  the  cross  sec- 
tions of  the  ships  best  adapted  to  the  traffic. 

The  natural  depths  of  liarl)or  entrances  and  of  the  lake  channels  at 
the  foot  of  Lake  Superior,  through  the  St.  Marys  River,  Lake  St. 
Clair,  the  mouth  of  Detroit  River,  and  at  the  head  of  Lake  Erie  are 
such  that  for  waterways  more  than  21  feet  deep  excavation  will  be 
required  for  about  00  miles  along  the  route,  nmking  21  feet  the  limit- 
ing depth  at  which  the  fixed  charges  for  maintenance  and  interest  on 
the  cost  of  construction  of  deeper  channels  will  probably  exceed  any 
returns  which  may  be  expected  from  lower  rates  of  transportation  in 
waterways  of  greater  depth.  The  rate  at  which  freight  can  be  car- 
ried on  the  lakes  depends  largely  upon  the  probable  useful  life  of  the 
ships  constructed  for  the  service,  and  since  continual  changes  in  the 
dimensions  of  waterways  render  the  smaller  ships  practically  obsolete 
long  before  they  are  worn  out,  it  is  very  desirable  that  the  depths  to 
be  given  the  lake  waterwaj's  should  be  established  and  the  improve- 
ments completed  ns  soon  as  possible. 

Referring  to  the  results  of  the  investigations  discussed  in  the  paper 
on  comparison  of  waterways  in  Appendix  Xo.  5,  it  will  be  noted  that 
for  lake  channels  of  greater  depth  than  21  feet  the  interest  on  the  cost 
of  the  improvement  will  be  much  greater  than  the  resulting  decrease 
in  the  annual  cost  of  transportation  of  the  lake  conimei'ce  due  to  deeper 
channels,  and  that  the  pi'oject  for  the  improvement  of  lake  channels 
now  being  carried  out  contemplates  a  depth  of  21  feet  through  the 
lakes  and  connecting  waterways.  If  the  indirect  benefits  from  the 
development  of  new  industries  around  the  lakes  <lue  to  deeper  water- 
ways are  not  greatly  in  excess  of  the  direct  benefits  to  be  derived, 
there  seems  to  be  no  legitimate  reason  why  the  channels  resulting 
from  the  project  for  a  21 -foot  waterway,  when  given  a  proper  width 
and  alignment,  should  not  be  of  as  great  value  to  the  producers  of 
the  country  as  any  waterway  of  greater  depth. 

The  investigation  of  the  routes  for  a  waterway  between  Lake  Erie 
and  Lake  Ontai-io  indicates  that  the  Lasalle-Lewiston  line  can  be 
constructed  at  less  cost  than  the  others,  and  can  be  traversed  by  a 
type  carrier  between  points  common  to  all  the  routes  in  less  time  than 
by  the  other  routes. 

The  natural  harbor  at  the  mouth  of  the  Niagara  River  and  the 
comparatively  small  amount  of  restricted  channel  on  the  Lewiston 
line  make  it  a  better  hx-ation  on  whicli  to  construct  a  waterway  than 
the  loute  from  Touawanda  to  Olcott. 
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Tlie  route  from  Lake  Ontario  to  New  York  is  208  miles  farther  lij- 
the  St.  Lawrence  River,  Lake  Champlain,  and  the  Hudson  River  than 
by  the  Oswego,  Moliawk,  and  Hudson  rivers,  but  has  292  feet  less  lock- 
age than  the  Mohawk  low-level  and  3G6  feet  less  lockage  than  the 
Mohawk  high-level  routes. 

The  length  of  standard  canal  prism  is  practicallj'  the  same  by  each 
route,  the  difference  in  distance  being  almost  entirely  in  the  open  lake 
and  river  portions  of  the  waterways. 

The  sailing  time  for  a  type  carrier  is  12  hours  longer  for  the  Cham- 
plain  route  than  for  the  Mohawk  route,  which  difference  is  due  to  the 
greater  time  required  to  sail  208  miles  farther  by  the  former  than  to 
make  18  more  lockages  on  tlie  latter. 

The  comparative  values  of  the  two  routes  depend  largely  upon  the 
cost  to  construct  and  maintain  the  respective  channels,  the  annual 
traffic  capacity  of  each,  and  the  time  requii'ed  foi-  type  cai-riers  to  make 
round  trips,  the  details  of  which  are  given  in  the  annexed  tables. 

The  estimated  cost  of  the  21-foot  waterway  and  the  sailing  times 
between  terminals  given  in  the  tables  arel)ased  on  locks  GOO  feet  long 
and  GO  feet  wide.  If  the  locks  should  be  made  80  feet  wide  for  the 
purpose  of  passing  large  sliips  from  the  lake  shipyards  to  the  Atlantic, 
the  estimated  cost  of  the  Moliawk  route  would  be  increased  84,221,000 
and  tlie  Champlain  route  82,560,000,  the  annual  capacity  of  the  routes 
slightly  diminished,  and  the  time  required  for  making  round  trips 
increased. 
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Estimated  cant  of  excavation  and  construction. 
21-FOOT  CHANNEL. 


Duluth  to  tide  water. 


Chicago  to  tide  water. 


^Lasalle-Lewis-  H^^^'J^wp^^^"  Lasalle-Lewis-  H^^J'Vf  w*'^.''' 
1     ton-Cham-      4"u„^.T??,?:       ton-Cham-      .tpnOswego- 


plain  route.     l^eTroutr  ,   Plain  route. 


Mohawk  low- 
level  route. 


Excavation 

Retaining  walls,  slope  walls,  and 

back  flU 

Embankment 

Railroad  and  highway  changes 

Right  of  way 

Bridges  and  ferries 

By -passes 

Locks 

Cribs  at  lock  approaches 

Lock-operating  plant 

Breakwater 

Entrance  of  streams 

Dikes 

Dams 

Regulatmg  works 

Water  supply 

Buffalo  waterworkH  tunnel 


Engineering,  superintendence,  and 
contingencies,  10  per  cent  a 


Total . 


$128, 368,  fill        $ia5, 100,457 


5,544,621 

1,8.53,154 

707,443 

5,  .551, 765 

4,296,481 

4;},  385 

20,396,732 

1.884.702 

1,800,000 


225. 096 

206,413 

.5.51.819 

1,687,167 


30,000 


173,147,389 
17,2a5,047 


190,382,436 


10,822,948 
155,014 

l,r)fiO,054 
12,478.442 

5,392,010 


36,;{28,417 

5,629,389 

3, 200. 000 

721.380 

64,371 

206. 413 

3, 122, 610 

7!»6. 92:3 

2, 062, 295 

30,000 


187,670,723 
18,687,380 


6206,358,103 


$123,372,812 

5,544.621 

1,853,154 

707,44.3 

5,  .551, 765 

4,296,481 

43,385 

20,396,732 

1,884.702 

1,800,000 


225 

096 

2(K5. 413 

551 

819 

1,687 

167 

30.000 


168,1.51,590 
16,735,467 


$100,104.6.38 

10,822,948 
1.55.014 

1,560,051 
12,478,442 

5,392,010 


36,328,417 

5,629,;389 

3,200.000 

721,380 

64,371 

206.413 

3,122.610 

796,923 

2,062,295 

30, 0(J0 


182,674,924 

18,187,800 


184,887,057  I       c 200, 862, 724 


:iO-F()OT  CHAXXRL. 


Excavation 

Retaining  walls,  slope  walls,  and 

backfill 

Embankment 

Railroad  and  highway  changes 

Right  of  way 

Bridges  and  ferries 

By-passes 

Locks 

Cribs  at  lock  api)roache8 

Lock-operating  plant 

Breakwater 

Entrance  of  streams 

Dikes 

Dams 

Regulating  works 

Water  supply 

Buffalo  waterworks  tunnel 


Engineering,  superintendence,  and 
contingencies  10  per  cent  n 


Total 


$231, 874,  (KH 

7,294,119 

1,79:5,961 

707, 443 

.5,.576,7()5 

4,6:35,724 

52. 115 

32,114.558 

2. 422.  .340 

1,900,000 


225.096 

20ti.  413 

.551.819 

1,687,167 


30,0(K) 


291,071,614 
29,027.469 


$178, 970,  .590 

1.5,  .567. 970 
1.57, 015 

1,. 560, 054 
12.494,442 

5,947,106 


56, 97.5,  .392 

6, 067. 266 

;3,:»KI.(KX) 

1,190.317 

64.371 

206, 413 

;5.122.tilO 

TiH),  92:5 

2.(162.295 

;!0.()00 


288,512,764 

28, 771,  .584 


320,099,083  i     6317,284,348 


$217,601,194 

7,294,119 

1,793,9(51 

707, 413 

5,  .5.51, 765 

4,635,724 

52, 115 

.31,191,065 

2,0O4,a5f) 

1,800,000 


225, 096 

2(J6.413 

.551.819 

1,687,167 


:30.000 


275,332,231 

27, 45:!,  531 


§lti4,697.t:90 

1.5,567,970 
1.57.015 

i.mojm 

12.469.442 
5, 947. 106 

"  "56.0.51."  899 

5. 649, 276 

3,200.000 

I.l!t0.:5l7 

64.:371 

206.413 

3,122.610 

796.92:5 

2,0;i2.295 

;30. 000 


272,773,;i81 
27,197.646 


302,785,762         c2{»9,971,027 


a  Estimate  for  Lake  Erife  regulating  works  already  contains  cost  of  engineering,  superin- 
tendence, and  contingencies. 
6  See  note,  p.  113. 
cSee  note,  p.  114. 
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Esti)iiatiil  coat  nf  liii'isious. 
LAKES  MICHiaAN  AND  SUPERIOR  TO  TIDE  WATER. 


30-foot  chan- 

21-foot chan- 

nel 

nel. 

Lake  Superior  to  Lake  Erie: 

1.  With  retrulfttt'il  surfiico 

$;«,.>«t,H»at 

|ti,U<)l,r<lg 

a.  Without  reKulatt'il  surfjioo 

4l.5.>t,li.4 

it.l2:<,!»23 

Lake  MiohiRun  to  Lake  Erie: 

1.  With  regulated  Hurface    ... 

lH.2-Jtl..>»K 

1.4t-i«i.4.'i» 

a.  Without  reirulated  surface 

•jii.M7,»n 

2,»7!t,(l72 

Lake  Erie  to  Lake  Ontario: 

Via  Lasalle-Lewiston  route— 

1.   VVitn  regulated  surface 

7;{,4:i'.,:k(i 

42.:J«;}.2U3 

~    Without  reuulateil  surfait!   . 

75.()H4.4.>} 

4;3,214.344 

Via  .'d  liiwaiiiia-Olcott  route— 

1.  With  regulated  surface 

T5,r>72,2.T() 

4)',4:i:{,7.>J 

2.   Without  regulated  surface .- 

77,2:il.35.3 

49,274,S94 

Lake  Ontario  to  tide  water: 

Via  OswegoMohawk  route  (high-level  plan)— 

1.  We-stern  division  a 

SJ,  395, 975 

65,676,650 

112,474,11(1 

ai,  488, 414 

10,383,4«8 

4,159,904 

Total  <«                                             - 

21».253,.55:} 

1.55.334.968 

Via  Oswego-Mohawk  route  (low-level  plan)— 

87.451,5.51 
112,474.110 

67,354,764 

2.  Eastern  division 

85,488,414 

3.  Hudson  Rive/ division 

10,:{83.468 

4,1-59,904 

Total  a                                 

210,309.129 

157.(«{.n83 

Via  Chainplain  route  (with  movable  dams)— 

1.  St.  Lawrence  division 

3.5,.514,4;» 

21,027.113 

2.  Northern  division 

64,008,981 

47,!d2.678 

3.  Hudson  River  division, upper 

103,216,977 

67.927.720 

4.  Hudson  River  division,  tidal 

10,383,468 

4,1.5!).  9m 

Total 

213,123,864 

141,027,415 

Suvimary  of  cost  of  divisionn. 
DULUTH  TO  TIDE  WATER. 


Via  Lasalle-Lewiston  (regulated  surface): 
Oswego-Mohawk  ( higli-level  plan)— 

1.  Lake  Superior  to  Lake  Erie 

2.  Lake  Erie  to  Lake  Ontario 

3.  Lake  Ontario  to  tide  water  a 


30-foot  chan- 
-nel. 


Total  a. 


S33,.539,869 

73,435,350 

206. 25:}.  .5.53 

313,228,772 


21-foot  chan- 
nel. 


$6,961,818 
42,3SW,2IW 
1.55. 324. '.168 

204,679.989 


Oswego-Mohawk  (low-level  plan)— 

1 
:j3,  .539. 860                6  961  S18 

2.  Lake  Erie  to  Lake  Ontario . .. 

73. 43.5.  ;i5()              42  39: J  2i(J 

3.  Lake  (Ontario  to  tide  water  a 

.210,309.129            157!oii:M»^2 

Total  a 

317,384,348  1         a06,a58.103 

Champlaiu  ( with  movable  dams)— 

1.  Lake  Superior  to  Lake  Erie 

33,539,869                6  Oiil  818 

2.  Lake  Erie  to  Lake  Ontario 

73,435.;150              42,35«:{  2(W 

3.  Lake  Ontario  to  tide  water 

21.3,12:1864            141,027.415 

Total 

320,099,08:$            190.382,436 

a  The  estimated  cost  of  the  Oswego-Mohawk  route  is  ba.sed  on  the  use  of  swing  or  l)asi-ule 
bridges  at  all  railroad  crossings.  If  an  overhead  railroad  cros-sing  lie  adopteii  for  the  New  Ycjrk 
Central  Railroad  near  Utica.  with  a  fixed  sjian  over  the  waterway  at  a  clear  height  of  K')  feet 
al«)vo  the  water's  surfacf.  the  estimated  cost  of  the  route  would  be  ini-rea.sed  Si7s>*,000  for  the 
low-level  project  and  jfHVi.(KK)  for  the  high-level  project.  With  this  raodirtcation.  the  total  esti- 
mated cost  of  the  21 -foot  waterway  would  be  !CM.,14<>,l(y  for  the  low-level  project  and  $2(k5.t>:t.'.989 
for  the  liiu'h-level  project.  For  the  30-foot  waterway,  the  corresponding  amounts  would  be 
$3lJ<,U72,a4ti  and  8:n4.1«l,772. 

II.  Doc.  140 6 
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Summary  of  cost  of  divisions — Continued. 
CHICAGO  TO  TIDE  WATER. 


30- foot  chan- 
nel. 

21-foot  chan- 
nel. 

Via  Lasalle-Lewiston  (regulated  surface): 
Oswego  Mohawk  (high-level  plan)— 

1.  Lake  Michigan  to  Lake  Erie . 

$16,226,548 

73,4:i.5,a50 

206,253,553 

$1  466  439 

3.  Lake  Erie  to  Lake  Ontario 

43, 393, 203 

3.  Lake  Ontario  to  tide  water  a 

1.55, 324, 968 

Total  a 

295, 915, 451 

199  184  filn 

Oawego-Mohawk  (low-level  plan)— 

1.  Lake  Michigan  to  Lake  Erie 

16.226,54«                L  466, 4:33 

2.  Lake  Erie  to  Lake  Ontario .. . 

73, 435,  :J5()  !           42  3!)3  203 

3.  Lake  Ontario  to  tide  water  o 

210.309, 12i»            157,003,082 

Totala 

2!>9,971,027  |         200  862  724 

Champlain  (with  movable  dams)— 

1.  Lake  Michigan  to  Lake  Erie 

16,226,548 

73,4.35,350 

213, 123, 8«M 

1,466,439 

2.  Lake  Erie  to  Lake  Ontario _ 

3.  Lake  Ontario  to  tidewater 

43,3!e,203 
141,(J37,415 

Total 

303.785,762             181  887  fli? 

a  The  estimated  cost  of  the  Oswego-Mohawk  route  is  based  on  the  use  of  swing  or  l>ascule 
bridges  at  all  railroad  crossings.  If  an  overhead  railroad  crossing  be  adopted  for  the  New  York 
Central  Railroad  near  Utica,  with  a  fixed  span  over  the  waterway  at  a  clear  height  of  85  feet 
above  the  water's  surface,  the  estimated  cost  of  the  route  would  hi  increased  S78S,(KMI  for  the 
low-level  pro.ject  and  #t.')3,(X)()  for  the  high-level  project.  With  this  modification,  the  total  esti- 
mated cost  of  the  31-foot  waterway  would  be  §301.6.50,734  for  the  low-leve!  pro.iect  and  §300,137,610 
tor  the  high-level  pro.ject.  For  the  30-fooC  waterway  the  corre.sponding  amounts  would  be 
$300,7,59,037  and  $396,868,451. 

THE  RELATIVE  ADVANTAGES  OF  THE  21  AND  oO  FOOT  WATERWAYS. 

Intho  precedinjj^  divisions  of  this  report  the  various  routes  surveyed 
and  investigated  by  tlie  Board  for  waterways  of  different  depths  from 
the  Great  Lakes  to  the  Atlantic  tide  waters  have  been  described  and 
discussed  from  a  physical  point  of  view  and  estimates  of  their  cost  of 
construction  have  been  given.  The  Board  now  submits  a  statement 
of  the  relative  advantages  of  the  21  and  30  foot  waterways,  as  required 
by  the  provisions  of  the  sundry  civil  act  of  July  1,  1898. 

The  benefits  to  be  derived  from  a  waterway  from  the  lakes  to  the 
seaboard  result  directly  from  low  rates  and  ample  facilities  for  the 
transportation  of  freight  between  the  terminals  and  from  the  develop- 
ment of  new  industries  and  new  commerce.  At  the  commencement 
of  the  investigation  of  this  subject  an  effort  was  made  to  collect  sta- 
tistics showing  the  effect  of  better  transportation  facilities  on  the  com- 
merce of  the  country,  with  especial  reference  to  determining  whether 
the  indirect  benefits  to  the  producers  of  the  country  would  justifj^ 
large  expenditures  in  the  increase  of  transportation  facilities  in  excess 
of  the  actual  requirements  for  the  lake  traffic.  It  was  found,  how- 
ever, that  a  satisfactory  solution  of  this  problem  would  require  more 
time  and  money  than  was  at  the  disposal  of  the  Board,  and  that  the 
results,  when  obtained,  would  not  be  sufficiently  conclusive  to  war- 
rant making  them  a  basis  for  estimates.  Statistics  of  lake  and  ocean 
commerce  are  collected,  arranged,  and  discussed  in  the  publications 
of  the  Bureau  of  Statistics  of  the  Treasury  Department,  and  from 
these  publications  all  the  information  can  be  obtained  which  can  be 
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employed  to  advjintaj;;^  in  the  investifjfatiou  of  the  problem  of  relative 
advantajies  submitted  by  Coiifjress  to  tlie  Board.  This  problem  is  of 
a  speculative  character,  since  it  involves  the  consideration  of  condi- 
tions which  will  exist  after  a  deep  waterway  has  been  established — 
conditions  whieli  will  1x'  very  ditterent  from  those  existing  at  the 
present  time.  The  Board  therefore  considers  it  useless  to  seek  for 
great  accuracy  and  detail  in  the  statement  of  existing  commercial 
conditions. 

An  exhaustive  study  of  I  lie  relative  advantages  of  routes  of  ditfer- 
ent  depths  lias  been  made  by  Lieut.  Col.  C  W.  Raymond,  member  of 
the  Board  (Appendix  No.  5),  from  which  it  appeal's  that  the  benefits  to 
be  d«M-ived  from  the  respective  waterways  are  so  well  defined  that  fur- 
ther statistical  in(iuiry  would  add  l)ut  little  to  the  force  of  the  conclu- 
sions. This  investigation  was  made  by  Colonel  Raymond  in  consul- 
tation with  the  other  members  of  the  Board,  and  his  report  fully 
exi)resses  their  views  on  this  subject.  The  details  of  the  investiga- 
tion are  given  in  Api)endix  Xo.  5.  In  this  report  it  is  only  necessary 
to  give  an  outline  of  the  method  of  investigation  followed,  and  a 
summary  of  the  conclusions  at  which  the  Board  has  arrivetl. 

A  waterway  connecting  the  Great  Lakes  with  the  sea  may  be 
regarded  as  an  instrument  of  commerce  for  the  purpose  of  increasing 
the  value  of  merchandise  by  transporting  it  from  one  point  to  another. 
Waterways  of  different  dimensions  and  cost  may  be  compared  from 
this  point  of  view,  and  their  relative  direct  advantages  as  compared 
with  eacli  other,  and  with  the  amounts  required  for  their  construction 
may  be  api)r()ximately  determined.  Such  comparisons,  however,  are 
too  narrow  and  linnted  for  a  satisfactory  solution  of  the  question  of 
relative  advantages.  Indirect  benefits  may  result  from  the  establish- 
ment of  a  great  transportation  line,  which  may  be  of  such  importance 
in  their  influence  upon  production,  commerce,  and  the  general  pros- 
l^erity  of  the  people  that  the  question  of  a  greater  or  less  return  of 
direct  value  may  become  comparatively  insignificant.  Accordingly, 
the  investigation  of  the  question  of  relative  advantages  has  been  con- 
sidered under  two  heads,  viz,  relative  direct  advantages,  and  relative 
indirect  advantages. 

In  determining  the  relative  direct  advantages  of  the  waterways  com- 
pared, an  attempt  has  been  made  to  express  the  relations  existing 
between  the  various  elements  entering  the  problem  in  a  mathematical 
formula  from  which  nmy  be  obtained  numerical  (juantities  represent- 
ing approximately  the  relative  values  of  the  waterways  considered. 
The.se  elements  are  the  traffic  capacities  of  the  waterways,  the  costs 
of  construction  and  nmintenance,  and  the  cost  of  transport  p^o^)er  in 
the  most  economi<'al  type-carriei-s.  The  boar<l  Indieves  this  method 
of  stating  and  discu.ssing  the  problem  has  the  great  advantage  of 
exhibiting  clearly  the  elements  upon  whicli  it  depends  and  the  uncer- 
tainties uiui voidable  in  such  investigations. 
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The  determination  of  relative  direct  benefit  has  been  limited  to  the 
consideration  of  through  trafiic  conducted  in  the  most  economical  car- 
riers. The  waterways  extend  from  Duluth  to  New  York  and  from 
Chicago  to  New  York,  For  each  route  these  lines  of  through  traffic 
are  considered  separately,  both  for  foreign  and  domestic  traffic. 

The  routes  from  Duluth  and  Chicago  to  New  York  which  are  com- 
pared are  as  follows: 

1.  Thirty-foot  waterway  via  La  Salle,  T.<'wiston,  S1-.  Lawrence  River, 
and  Lake  Champlain. 

2.  Thirty-foot  waterway  via  La  Salle,  Lcwiston,  and  the  Mohawk 
Valley,  high-level  plan. 

3.  Thirty-foot  waterway  via  La  Salle,  Lewist^on,  and  the  Mohawk 
Valley,  low-level  plan. 

4.  Twenty-one-foot  waterway  via  La  Salle,  Lewiston,  St.  Lawrence 
River,  and  Lake  Champlain. 

5.  Twenty-one-foot  waterway  via  I^asalle,  J^ewi.ston,  and  the  Mohawk 
Valley,  high-level  plan. 

G.  Twentj'-one-foot  waterway  via  Lasalle,  Lewiston,  and  the  Mohawk 
VallcN^  low-level  plan. 

The  traffic  is  supposed  to  consist  of  the  movem'ent  of  bulky  freight^ 
such  as  grain,  coal,  lumber,  and  ores,  to  domestic  and  coast  markets 
or  to  markets  beyond  the  sea.  For  eacli  depth  of  waterway  a  type 
carrier  is  adopted  which  is  believed  to  furnish  tlie  most  economical 
transportation.  The  data  for  the  comparisons  are  determined  prin- 
cipally from  the  estimates  of  the  Board. 

The  formula  gives  for  each  waterway  a  measure  of  its  relative  annual 
return  of  value  upon  each  1^100  expended  in  construction,  after  the 
payment  of  the  costs  of  maintenance,  operation,  and  transport  proper, 
as  compared  with  a  standard  waterway  for  which  the  return  of  value 
is  assumed  as  unity. 

The  results  obtained  by  this  method  of  investigation  are  briefl}^  as 
follows : 

1.  The  return  of  direct  benefit  from  the  30-foot  waterway  via  the  St. 
Lawrence  River  and  Lake  Champlain  is  less  for  both  foreign  and 
domestic  traffic  than  the  return  from  either  of  the  Mohawk  Valley 
routes.  The  two  Mohawk  Valley  waterways  give  practically  the  same 
returns. 

2.  All  the  21-foot  waterways  give  practically  the  same  return  of 
direct  benefit. 

3.  The  return  of  direct  benefit  from  the  21-foot  waterway  is  much 
greater  than  the  return  from  the  30-foot  waterway. 

In  order  to  form  an  estimate  of  the  relative  indirect  advantages  of 
the  waterways  compared  it  was  found  necessary  to  consider  the  amount 
and  character  of  the  existing  lake  traffic  and  its  past  and  probable 
future  development,  to  point  out  the  distinguishing  peculiarities  of 
transportation  lines  of  different  character  and  capacity,  and  to  indi- 
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cate  the  objects  whicli  tile  proposed  wat«i\va\>>  aif  inteiKled  to  sub- 
serve. The  followinjif  eoiidensed  diseussion  of  these  subjects  is  taken 
from  Appen«lix  No.  5. 

THE    LAKE   TRAFFIC. 

The  demand  for  increased  facilities  and  diminished  rates  of  trans- 
portation from  the  region  of  the  Great  Lakes  to  the  interior  of  the 
country  and  to  the  sea  is  V>a.sed  upon  facts  whicli  are  believed  to  be 
established  l>y  tlie  lii^tory  of  tlie  develoi)ment  of  the  productive 
resources  of  this  part  of  our  territory.  Tlve  commodities  forming  the 
bulk  of  the  traffic  for  which  provision  is  desired  are  grain  (including 
flour),  iron  ore,  lumber,  coal,  and  manufactured  products. 

The  movement  of  the  four  leading  commodities  above  mentioned 
comprises  about  90  per  cent  of  the  total  freight  jnovement  on  the 
lakes.  As  will  be  shown  hereafter,  the  greater  part  of  this  traffic 
goes  to  the  domestic  markets  of  our  country,  but  still  nn  important 
part  is  destined  to  foreign  markets.  The  vohime  of  these  products 
has  increased  rapidly  with  every  increase  in  the  facilities  of  transpor- 
tation and  with  every  permanent  decrease  in  transportation  rates. 
It  is  claimed  that  further  increase  in  facilities  and  reduction  in  rates 
is  absolutely  necessary  if  we  would  hold  our  place  in  foreign  markets 
in  competition  with  the  products  of  other  countries. 

The  following  table'  shows  for  the  year  1808  the  traftic  for  each  of 
the  four  leading  commodities  referred  to  above,  the  eastward  traffic 
(that  is,  the  traffic  east  of  Detroit),  and  the  (luantities  destined  to 
domestic  and  foreign  nuirkets,  respectively: 


Commodity. 

Total  traffic. 

Eastward  traffic. 

Total. 

Domestic. 

Export. 

Orain  (inclnding  flour) 

Net  tons. 
12,03B.013 
13.6.50,788 
4,540,1)00 
8,7:2,667 

Net  tons. 
12,(1B6.013 
11,028.321 
2,5:11.180 

Net  tons. 

2.888,829 

Net  tons, 
a  9, 147, 184 

ii,a»,:ei 

Lumber  . 

Coal 

2,  .53 1,180 

Total 

38.949,488 

25,595,514 

16.448,330 

9, 147, 184 

a  Exports  from  Montreal,  Boston,  New  York,  Philadelphia,  and  Baltimore 

To  indicate  the  magnitude  of  the  past  development  of  this  com- 
merce, it  is  only  necessary  to  sa,v  that  the  total  lake  traffic  for  the 
year  1871  has  been  estimate*!  at  14,28.'i,()0()  tons.  Since  that  time 
transportation  facilities  by  rail  and  water  have  been  greatly  increased, 
new  locks  around  the  falls  of  St.  !Marvs  Kiver  have  been  constructed, 
the  Welland  Canal  has  been  ileepened,  the  lake  harbors  aiul  channels 
have  been  improved,  steam  vessels  have  taken  the  place  of  sailing 

'The  fij^nres  for  jijrain  (includini;  flour)  are  compiled  from  ;i  report  entitled 
"The  Grain  Trade  of  the  United  States."  published  by  the  Bureau  of  Statistics  of 
the  Treasury  Department.  .lannary.  1900.  The  other  figures  are  ba.sed  upon  data 
obtained  from  the  admirable  tables  which  accompany  the  report  of  the  committee 
on  canals  of  New  York  State.  1899. 
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vessels,  and  the  population  of  the  country  has  about  doubled.  These 
are  the  principal  causes  of  this  enormous  expansion  of  the  volume  of 
traffic. 

FUTURE  DEVELOPMENT  OF  LAKE  TRAFFIC. 

The  population  of  the  country  will  surely  continue  to  increase  rap- 
idly, and  this  must  be  accompanied  by  an  increase  in  the  volume  of 
the  lake  traffic.  It  must  not,  however,  be  inferred  that  the  eastward 
traffic  will  develop  in  direct  i^roportion  to  the  increase  in  population 
of  the  country,  for  about  one-half  of  our  population  is  situated  in  the 
great  Mississippi  basin,  wliere  the  rate  of  increase  is  much  greater 
than  in  our  Eastern  territory.  The  future  demands  of  this  part  of  our 
country  upon  the  products  of  the  lake  region  will  doubtless  reduce 
the  relative  amount  of  Eastern  traffic.  Nevertheless  it  does  not  seem 
unreasonable  to  believe  that  the  ratio  of  demand  to  supply  will  con- 
tinue to  be  as  great  as  it  is  at  the  present  time  even  should  the  facili- 
ties for  transportation  l)e  very  largely  increa.sed. 

It  appears  from  the  tal)le  given  above  that  only  about  one-third  of 
the  eastbound  lake  freight  is  exported  to  foreign  countries,  the  remain- 
der being  distributed  to  domestic  markets.  Practically  the  entire 
exports  of  commodities  transported  on  the  lakes  and  received  from 
the  lake  regioji  coiisisls  of  grain  and  otlu'v  food  ])roducts. 

GRAIN. 

As  regards  the  future  development  of  the  production  of  grain  in  the 
region  tributary  to  the  lakes,  it  is  only  necessary  to  point  out  that  the 
rapid  increase  of  our  population  will  imperatively  demand  the  utiliza- 
tion of  all  our  food-producing  areas  in  the  near  future  for  the  supply 
of  our  own  markets.  It  has  been  stated  by  Hon.  John  Hyde,  Chief 
Statistician  of  the  Agricultural  Department,  that  witliin  the  short 
period  of  thirty  years  more  than  the  entire  wheat  production  of  the 
country  will  be  required  for  consumption  l)y  our  own  people,  to  the 
entire  exclusion  of  our  export  trade. ^  Even  should  this  view  not  be 
accepted  by  all,  it  must  be  admitted  that  the  ratio  of  the  export  trade 
to  the  domestic  trade  in  food  products  must  rapidly  diminish. 

IRON  ORE. 

The  movement  of  iron  ore,  which  forms  at  the  present  time  so  large 
a  proportion  of  the  lake  traffic,  is  principally  from  Lake  Superior  to 
Lake  Erie  ports,  from  which  the  ore  is  sent  by  rail  to  the  great  coal 
and  iron  region  of  which  Pittsburg  is  the  center.  As  the  undeveloped 
resources  of  the  Lake  Superior  region  are  enormous,  this  traffic  may 
increase  greatly  under  the  demands  resulting  from  increased  popula- 
tion.    Should  adequate  facilities  for  water  transportation  be  provided, 

'"America  and  the  wheat  problem."  Published  in  The  Wheat  Problem,  by 
Sir  Wilham  Crookes,  F.  R.  S. 
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it  is  possible  that  a  oonsidenibic  part  of  these  pnxluets  iiuiy  be  carried 
to  points  within  the  interior  of  the  State  of  New  York,  where  conven- 
ient limestone  and  the  saving;  in  cost  of  transportation  both  of  the 
crude  material  and  finished  product,  may  compensate  for  th<'  advan- 
tajje  of  the  Pittsburj; district  in  its  greater  proximity  to  coke  and  coal,' 
None  of  this  ore  is  exported  at  the  present  time,  nor  is  it  probable 
that  much  of  it  ever  will  be  excei)t  in  the  form  of  finished  maierial. 

LUMBER. 

Of  the  four  leading  commodities  considered,  lumber  forms  the 
smallest  proportion  of  the  lake  traffic,  and  its  movement  is  rapidly 
diminishing.  The  reasons  for  this  rapid  decrease  are  fully  and  clearly 
stated  by  Prof.  George  G.  Tuunell  in  his  able  report  on  lake  com- 
merce.- It  is  largely  due  to  the  destruction  of  the  forests  on  the 
shores  of  the  lakes  and  on  the  banks  of  the  tributary  streams.  Lum- 
ber is  now  principally  obtained  at  points  so  far  in  the  interior  that  it 
is  generally  cheaper  to  saw  logs  at  local  mills  and  transport  the  product 
by  rail  than  to  carry  or  float  them  to  the  water  and  transsliip  them. 
Moreover,  there  is  a  strong  and  increasing  competition  in  Noithern 
markets  from  Southern  lumber.  The  exports  of  lumber  from  the  lake 
region  are  now  insignificant,  and  they  must  cease  in  the  near  future,  as 
much  more  than  our  entire  product  will  soon  be  needed  for  our  own 
people. 

COAL. 

The  total  volume  of  eastward  traffic  on  tlie  lakes  greatly  exc«'eds 
that  of  the  westward  traffic.  The  lake  movement  of  coal,  which  is 
entirely  westward,  is  therefore  of  great  importance,  not  onl}'  because 
it  supplies  the  necessities  of  the  territory  west  and  north  of  Lakes 
Michigan  and  Superior,  but  also  because  it  furnishes  a  return  freight 
for  the  lake  carriei-s.  Professor  Tunnell  states  that  during  1.S06  coal 
constituted  about  three-fourths  of  the  westbound  traffic  through  the 
Detroit  River  and  86  per  cent  of  the  westbound  traffic  through  the 
St,  Marys  Falls  Canal. 

Most  of  this  material  is  shipped  from  the  ports  of  Lake  Erie  to 
Duluth  and  Superior,  at  the  head  of  Lake  Superior,  and  to  Chicago 
and  Milwaukee,  at  the  head  of  Lake  Michigan,  the  shipments  to  Lake 
Superior  being  much  greater  than  those  to  Lake  Michigan,  as  in  the 
latter  case  the  conditions  are  more  favorable  for  railway  competition. 

At  the  present  time  none  of  the  coal  transported  on  the  lakes  is 
sent  to  markets  beyond  sea,  but  if  a  <leep  waterway  to  the  seacoast 
wer«>  constructed  it  would  probably  become  an  important  factor  in 
our  export  traffic. 

'  Report  of  Committee  on  Canals  of  New  York  State.  I'^OO.  p.  lo. 
•Document  No.  277,  House  of   Representatives,  Fifty-fifth  Congress,  second 
session. 
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SUMMARY. 

To  summarize  the  abov^e  statements,  the  freight  traffic  of  the  Great 
Lakes,  already  amounting):  to  at  least  40,000,000  tons  per  year,^  may 
be  expected  to  increase  greatly  and  rapidly  with  increase  of  popula- 
tion and  the  extension  and  cheapening  of  facilities  for  transportation, 
but  this  traffic  will  tend  more  and  moi'c  to  doincstic  niai'k<4s  and  less 
and  less  to  foreign  ones. 

CHARACTERISTICS   OF   TRANSPORTATION   LINES. 

These  conditions  appear  to  fully  justify  the  establishment  of  new 
facilities  for  transportation  from  the  lakes  to  the  sea  either  by  the 
General  Government  or  by  State  or  private  enterprise.  At  the  pres- 
ent time  by  far  the  greater  part  of  the  traffic  l)etween  lake  and  ocean 
is  by  I'ailway,  only  about  one  twenty-fifth  of  the  volume  transported 
going  by  canal  and  liver.  If  a  new  line  for  water  transportation  is 
to  ])e  established  it  must  be  done  by  the  General  or  State  govern- 
ments, not  only  on  account  of  the  great  exi)enditure  involved,  but  also 
because  such  a  line  is  not  so  desirable  for  private  ownership  and 
operation  as  a  railway  upon  which  the  carrier  lousiness  can  be  monopo- 
lized by  the  owner,  and  therefore  it  probably  would  not  be  consti'iu'ted 
by  pi'ivate  enterpi'ise.  In  order  that  the  C()nse<[uences  involved  in 
the  proposed  change  of  the  greater  part  of  the  traffic  from  rail  to 
watei-  transportation  maybe  clearly  understood,  the  ]>rincipal  charac- 
teristics of  railways  and  waterways  considered  as  instrnments  of 
commerce  for  the  ti'ansportation  of  freight  must  now  be  pointed  out. 

It  is  frequently  asserted  that  water  transportation  is  always  much 
cheaper  than  ti-ansportation  by  rail;  but  tliis  statement  can  not  be 
accepted  without  qualification.  If  it  is  intended  to  mean  that  the  cost 
of  ti-ansport  proper  is  generally  less  in  the  case  of  the  waterway  than 
in  the  case  of  the  railway,  the  statement  is  doubtless  true;  but  if  the 
toll  is  included  in  the  cost  of  transport  for  the  waterway  as  well  as  for 
the  railway,  the  cost  of  transportation  will  be  often  less  for  the  railway 
than  for  the  waterway,  when  the  latter  is  an  artificial  channel  of  mod- 
erate dimensions. 

As  a  line  of  communication  between  the  same  terminals,  the  railway 
is,  foi-  obvious  reasons,  almost  always  shorter  than  the  water  line. 
Moreover,  it  carries  passengers,  and  a  considerable  part  of  its  freight 
is  of  large  value  in  proportion  to  its  bulk.  The  passengers  and  high- 
class  freight  are  made  to  bear  a  large  proportion  of  the  mean  cost  of 
transportation.     A  distinguished  authority ^  on  this  subject  finds  from 

'  The  registered  tonnage  of  the  lake  trafi&c  for  1898,  as  given  in  the  report  of 
the  New  York  State  committee  on  canals,  is  62,023,000.  A  large  percentage  of 
this  is  the  registered  tonnage  of  passenger  steamers. 

-C.  Colson.  Ing'nieur  des  Fonts  et  Chaussees,  Maitre  des  Requetes  au  Conseil 
d'Etat.     Transports  et  Tarifs,  Paris,  1890. 
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a  stiidj'  of  ex[>erience  on  Frencli  niilways  niul  waterways  that  between 
two  given  points  the  mean  net  cost  of  transportation  by  rail  is  gen- 
erally lower  than  tlie  cost  of  transportation  by  water;  but  it  must 
be  remembered  that  the  canals  of  Fi-ance  aiv  of  small  dimensions  and 
not  well  adapted  to  economical  traflrtc.  In  short,  no  general  rule  on 
this  subject  can  be  laid  down.  Each  case  must  be  separatcl}'  investi- 
gated and  tile  relative  economical  advantages  of  the  rail  and  waterway' 
must  be  determined  in  accordance  with  the  existing  special  conditions. 
Even  then  it  is  not  easy  to  make  a  satisfactory  comparison,  owing  to 
characteristic  differences  in  the  methods  of  conducting  transportation 
by  the  two  lines.  Generally  the  railroad  carries  passengei's  and  a 
great  variety  of  high-class  as  well  as  low-class  freight,  so  that  it  is 
exceedingly  diihcult  to  determine  the  average  cost  of  transportation 
of  any  assumed  fi-eight  unit. 

One  of  the  most  important  differences  between  the  railway  and  the 
waterway  arises  from  the  fact  that  in  the  case  of  the  former  the  pro- 
piietor  of  the  line  and  depots  for  receiving  and  sliipping  freight  and 
the  carrier  are  one  and  the  same  part}',  while  in  tlie  case  of  the  latter 
these  interests  are  generally  in  different  hands.  It  results  from  this 
that  railway  service  is  much  more  regular  and  efhcient  than  water 
service,  becau.se  it  is  under  a  centralized  management. 

The  skill  and  etiiciency  with  which  the  railway  service  is  managed 
and  improved  and  the  lack  of  imijrovement  and  efficient  nmnagement 
in  canal  transportation  have  often  been  pointed  out,  but  it  does  not 
seem  to  have  been  observed  that  these  differences  are  largely  inherent 
in  the  different  character  of  the  organizations  of  the  two  services.  The 
management  of  the  railway'  is  as  mucli  interested  in  the  shipping,  re- 
ceiving, and  movement  of  the  traffic  as  in  the  toll,  while  in  the  case  of 
the  waterway  each  interest  is  concerned  with  the  others  only  .so  far  as 
may  appear  to  be  for  its  own  direct  benefit. 

In  the  case  of  waterways  of  small  dimensions  delays  are  more  lia- 
ble to  occur  from  accidents  and  crowding  than  in  the  case  of  the  rail- 
way. The  ''ailway,  when  compared  with  the  small  waterway,  has  gen- 
erally the  great  a<lvantage  of  speed,  which  secures  for  it  all  the  traffic 
in  which  time  of  transport  is  an  element  of  importance. 

Finally,  the  railway  is  available  for  traffic  during  the  whole  year, 
while  the  waterw-ay  must  be  closed  during  the  sea.son  of  ice. 

M.  C'olson  remarks  that  experience  shows  that  generally  these 
advantages  of  the  railway  cause  it  to  be  preferred  for  merchandise  of 
moderate  value  when  the  rates  do  not  exceed  those  of  water  trans- 
portation by  more  than  20  per  cent.'  This  deduction,  however,  is 
doubtless  base«l  upon  a  study  of  the  traffic  upon  the  railways  and 
small  canals  of  France. 

The  net  cost  of  transportation  upon  the  waterways  herein  consid- 
ered, for  both  domestic  and  foreign  traffic,  would  of  coui-se  be  very 


'  Tarifs  et  Transports,  p.  310. 
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much  smaller  than  on  a  railway  or  combined  lake  and  railway  line, 
even  should  the  toll  be  included.  Moreover,  it  is  important  that  the 
facilities  provided  for  increased  traffic  movement  should  be  fully  ade- 
quate to  meet  all  possible  future  demands,  and  the  waterways  have  a 
traffic  capacity  exceeding:  that  whicli  could  be  furnished  by  railways 
at  the  same  cost.  The  total  freight  tonnage  of  the  New  York  Central 
and  Hudson  River  Railroad  in  1898  was  23,403,4.39  tons,  which  is 
much  less  than  the  maximum  traffic  capacity  of  the  21-foot  waterway. 

An  important  advantage  of  the  waterway  over  the  railway  results 
from  the  characteristic  feature  of  its  organization  whicli  lias  been 
already  ijointed  out— that  the  vai'ious  interests  of  line  manager, 
freight  shipper  and  receiver,  and  carrier  are  in  dilferent  and  inde- 
pendent hands.  The  maximum  amount  of  benefit  is  derived  from 
the  traffic  by  the  users  of  the  line  (or  general  public)  when  the  toll 
and  transport  proper  are  made  as  small  as  possible.  In  the  case  of  a 
railway,  whei'e  the  entii'e  system  is  controlled  by  a  single  manage- 
ment, the  natural  effort  is  to  obtain  for  the  proprietor  and  carrier  as 
much  as  possible  of  the  value  derived  from  the  traffic — in  other  words, 
to  make  the  traffic  pay  what  it  will  bear.  In  the  case  of  a  lai'ge  water- 
way open  to  the  use  of  all  carriers,  the  element  of  free  competition 
regulates  the  rate  of  transport  proper,  and  under  the  circumstances 
the  charge  for  transportation  must  tend  to  approximate  the  net  cost. 

But  it  is  not  merely  from  the  reduction  of  rates  that  benefit  is 
derived.  One  of  the  most  injurious  effects  of  the  lack  of  free  com- 
petition in  railway  traffic  has  been  the  variation  of  rates  through  a 
wide  range,  resulting  from  alternate  competition  and  combination  of 
transportation  lines.  It  has  been  found  difficult,  if  not  impossible,  to 
control  these  variations  by  law,  but  the  influence  of  a  large  water- 
way, open  to  the  use  of  all  carriers,  could  not  fail  to  prevent  large 
fluctuations  in  railway  charges  upon  bulky  freight  during  the  season 
of  its  operation. 

It  has  already  been  pointed  out  that  this  characteristic  feature  of 
waterways  is  a  disadvantage  so  far  as  i-egards  regularity  of  service 
and  efficiency  of  management,  and  this  is  one  reason  why  it  may  be 
considered  desirable  for  the  Government  to  own  and  manage  the 
waterway  and  assume  the  toll.  Under  these  circumstances  the  pub- 
lic will  receive  all  the  benefit  derived  from  the  traffic,  after  the  car- 
rier has  been  paid  his  charges,  and  these  charges  will  be  kept  from 
large  fluctuation  and  near  the  net  cost  of  transport  by  the  action  of 
free  competition.  It  would,  at  first  sight,  seem  unfair  for  the  Govern- 
ment to  assume  the  toll  on  one  ti-ansportation  line  to  enable  it  to  com- 
pete to  advantage  with  other  lines  constructed  and  operated  by  its 
own  citizens,  but  it  is  claimed  that  the  increased  demand  for  a  higher 
class  of  freight  created  by  the  business  and  prosperity  which  would 
inevitably  follow  the  construction  of  a  great  waterway  would  more 
than  compensate  the  railways  for  the  loss  of  the  low-class  traffic.     It 
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would  not  be  to  the  public  interest  to  have  the  high-class  traffic 
diverted  from  the  railways  to  the  waterways,  but  high-class  freight 
is  package  freight,  not  readily  handled  by  niechanical  devices,  and 
therefore  not  likely  to  go  by  water. 

This  characteristic  feature  of  water  transportation  controls  not  only 
the  movement  of  llie  freight,  but  also  its  shipm<'nt  and  delivery.  In 
the  case  of  the  railway,  stations  are  established  at  which  freight  must 
be  handled  under  the  direction  of  the  management.  In  the  case  of 
the  waterway,  every  point  ui)on  its  banks  is  a  possible  station.  The 
result  must  be  an  active  competition,  which  must  control  and  cheapen 
the  cost  of  handling  and  develop  points  of  shipment  and  deliver}'  best 
suited  to  economical  receipt  and  distribution. 

It  is  claimed  as  a  great  advantage  of  waterways  of  sufficient  dimen- 
sions for  navigation  by  ships  that  they  permit  of  the  transport  of  the 
cargo  through  to  domestic  or  foreign  ports  without  transfer  from  one 
carrier  to  another,  thus  saving  the  time  and  cost  of  handling  and  loss 
by  waste.  This  is  an  advantage  of  the  ship  canal  as  compared  with 
the  barge  canal  of  moderate  dimensions  as  well  as  with  the  railway. 
It  is,  however,  considered  liy  high  authorities  very  doubtful  whether 
a  vessel  can  be  so  constructed  as  to  navigate  successfully  and  econom- 
ically the  ocean,  the  lakes,  and  the  canal.  The  ocean  vessel  must  l)e 
stronger  tlian  the  lake  vessel  and  more  costly  in  construction,  opera- 
tion, and  maintenance,  and  it  must  be  fitted  with  expensive  appli- 
ances which  are  not  required  in  the  lake  traffic.  In  considering  this 
question,  it  must  be  remembered  that  under  existing  conditions  the 
lake  vessel  is  compelled  to  he  idle  during  about  one-third  of  the  year, 
while  if  it  had  free  access  to  the  sea  and  were  constructed  for  foreign 
or  coast  navigation,  it  could  be  earning  money  all  the  year  round. 

Mr.  Kirby  estimates  the  cost  of  our  type  vessel  No.  1  (see  Appendix 
No.  o),  when  designed  for  lake  and  ocean  business,  at  ¥:i87,0(H),  and 
when  designed  for  lake  business  only,  at  $360,000.  The  daily  cost  of 
maintenance  and  opei'ation,  including  5  ])er  cent  on  first  cost,  is  in  tlie 
first  case  $3ol,  and  in  the  second  $404.  Such  a  vessel,  when  designed 
for  lake  and  ocean  business,  could  carry  a  full  cargo  from  Duluth  or 
Chicago  to  New  York,  and,  owing  to  the  additional  buoyancy  of  sea 
water,  then  take  on  all  the  coal  re<iuii'ed  for  the  ocean  voyage  without 
overloading. 

The  benefit  to  commerce  whicli  would  lesult  iiwm  iii\  mu  access  to 
shipping  from  the  lakes  to  the  sea,  thus  rescuing  the  lake  fleet  from 
enforced  idleness  during  one-third  of  the  year,  would,  of  course,  he 
enormous,  if  the  problem  of  constructing  a  vessel  economically  adapted 
to  both  kinds  of  service  can  be  satisfactorily  solved.  This  is  a  benefit 
which  is  j^eculiar  to  the  waterway  and  can  not  be  derived  from  the 
extension  of  railway  facilities. 

It  i.s  further  stated  that  if  adequate  water  communication  with  the 
sea  weie  provided,  a  great  industry  in  the  construction  of  steel  ships 
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would  be  immediately  developed  on  the  lakes.  This  industiy  is 
already  an  important  one,  no  less  than  1,258  vessels  having  been  con- 
structed at  the  lake  ports  during  the  last  ten  years;  but  as  there  is 
no  access  to  the  sea  for  vessels  of  more  than  about  13  feet  draft,  the 
business  is  almost  exclusively  confined  to  the  construction  of  ships 
for  the  Lake  service. 

It  is  claimed  that  nowhere  in  the  world  are  the  conditions  for  the 
economical  construction  of  steel  vessels  more  favorable  than  at  some 
of  the  lake  ports.  Cleveland,  for  example,  is  the  center  of  a  great 
iron  and  steel  manufacture.  It  is  farther  from  the  coke-producing 
district  than  Pittsburg,  but  this  disadvantage  is  counterbalanced  bj' 
its  advantage  of  receiving  ores  by  direct  and  cheap  water  transporta- 
tion. The  opening  of  a  deep  waterway  to  the  sea  would  enable  the 
shipyards  of  the  lakes  to  compete  with  those  of  the  seacoast  in  the 
construction  of  vessels  for  the  ocean  traffic. 

Finally,  the  argument  has  often  been  advanced  that  a  deep  water- 
way connecting  the  lakes  with  the  sea  would  be  of  great  military  value 
in  connection  with  the  defense  of  the  northern  frontier  of  the  country. 
Such  a  watei'way  would  enal)le  ships  of  war  to  pass  Ix'tween  the  sea 
and  the  lakes,  and  it  would  also  i)ermit  the  economical  construction 
of  such  vessels  at  the  lake  shii>yards. 

The  preceding  brief  statement  of  commercial  and  transportation  con- 
ditions and  of  the  benefits  which  may  be  expected  to  result  from  the 
establishment  of  a  deep  waterway  from  the  lakes  to  the  sea  is  intended 
only  as  a  basis  for  tlie  comparison  of  the  relative  advantages  and  dis- 
advantages of  the  I'l-foot  and  30-foot  waterways.  Under  the  provi- 
sions of  law  it  is  not  the  duty  of  the  Board  to  report  upon  the  general 
question  as  to  whether  the  requirements  of  commerce  justify  the  con- 
struction of  a  deep  waterway  at  the  expense  of  the  General  Govern- 
ment, or  to  compare  the  advantages  of  such  a  waterway  with  those  of 
one  with  moderate  dimensions  requiring  transfers  of  freight  at  both 
its  terminals.  Nevertheless,  before  making  the  comparison  required 
by  law,  it  seems  desirable  to  invite  attention  to  two  important  points. 

The  first  point  is  that  if  an}-  project  is  undertaken  by  the  Govern- 
ment it  should  be  fully  adequate  to  the  present  and  future  purposes 
which  it  is  intended  to  subserve.  It  has  been  remarked  by  a  distin- 
guished authority  that  the  life  of  any  public  work  is  practically  coin- 
cident with  that  of  the  generation  which  began  it.  This  is  especially 
true  in  a  country  like  our  own,  where  population  increases  and  com- 
merce develoi)s  with  amazing  rapidity.  The  reason  why  it  is  true  is 
because,  in  the  construction  of  such  works,  future  necessities  are 
almost  invariably  underestimated.  For  example,  the  first  canal  and 
locks  at  St.  Marys  Falls  were  completed  in  1855  at  a  cost  of  about 
$1,000,000.  To  meet  the  necessities  of  the  increasing  traffic,  a  new  and 
much  larger  lock  and  canal  were  commenced  in  1870  and  completed  in 
1881  at  a  cost  of  $2,171,000,  including  canal  enlargement.     This  was 
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soon  found  to  be  insufficient  for  the  requirements  of  the  lake  naviga- 
tion, and  still  another  and  larger  lock  was  commenced  in  1887  and 
completed  in  18UG  at  a  cost  of  about  *3,70(),(M)0,  inchuliiig  also  canal 
enlargement.  The  volume  of  tlie  lake  traltic  has  so  greatly  increased 
that  at  the  present  time  the  construction  of  a  new  lock  is  under  con- 
sideration. In  1870,  no  one  could  have  been  bold  enough  to  suggest 
the  construction  of  a  lock  of  the  size  and  cost  of  the  r*oe  lock  recently 
completed;  and  yet,  if  such  a  lock  had  been  then  i'onstructed,  the 
results  would  have  been  a  large  saving  to  the  Gov«Miiii!»Mit  and  a  gi«*at 
benefit  to  the  commercial  interests  of  the  Lakes. 

It  is  therefore  of  the  highest  importance  that  any  waterway  con- 
structed by  the  Government  should  be  fully  capable  of  meeting  every 
possible  commercial  demand  which  may  arise  in  the  future.  A  lack 
of  capacity  for  future  commerce  might  necessitate  its  entire  recon- 
struction at  enormous  cost,  and  require  an  adaptation  of  vessels  and 
traffic  to  new  conditions  involving  great  loss  to  commercial  interests. 

The  second  point  is  that  any  project  undertaken  by  the  Government 
should  be  of  a  national  and  not  of  a  local  character,  l)enefiting  numy 
and  varied  commercial  interests  and  exerting  its  i  lAuence  over  as 
great  an  extent  of  the  country  as  possible.  It  is  easily  conceivable 
that  a  barge  canal  of  moderate  dimensions,  requiring  transfei's  at 
Buffalo  and  New  York,  might  be  of  more  direct  benefit  to  the  State 
of  New  York  than  a  canal  of  sufficient  dimensions  for  the  uninter- 
rupted passage  of  ships;  but  much  of  this  benefit  wouUl  be  at  the 
expense  of  the  producers  and  shippei-s  of  other  parts  of  .he  country. 
Moreover,  with  such  a  canal  the  large  interests  of  shipbuilding  and 
winter  traffic  for  the  lake  fleet  would  be  unprovide<l  i'<<v. 

It  appears  from  the  investigations  of  the  Board  tliat  the  most  favor- 
able route  for  a  30-foot  waterway  from  the  Lakes,  to  the  sea  is  from 
Lake  Erie  to  Lake  Ontario  via  Lasalle  and  Lewiston,  and  from  Lake 
Ontario  to  the  Hudson  River  via  Oswego  and  the  Mohawk  Valley, 
on  the  low  level  plan,  and  that  the  same  route  is  practically  as  favor- 
able as  any  for  the  21-foot  waterway.  This  route  is  entirely'  in  our 
own  country  and  has  a  longer  season  of  navigation  than  the  more 
northerly  line.  The  problem  of  its  defense  is,  of  course,  much  simpler 
than  it  would  he  were  a  part  of  it  in  a  foreign  country,  and  it  is  avail- 
able as  a  line  of  communication  for  ships  of  war.  In  the  following 
comparison  of  the  21-foot  and  30-foot  waterways,  this  route  will  alone 
be  considered. 

COST  OP   CONSTRUCTION. 

The  estinmted  cost  of  the  21-foot  waterway  on  the  low-level  plan  is 
$200,358,000;  the  estimated  costof  the  30-foot  waterway  is  8317,284,5(M), 
to  which  should  be  added  about  ^l),007,oOO  for  the  neces.sary  deepen- 
ing of  the  harbors  at  Duluth  and  Chicago,  nmking  the  total  cost 

$326,81)2,000. 
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The  annual  cost  of  maintenance  and  operation  is  estimated  at 
$2,343,478  for  the  21-foot  waterway,  and  $2,930,308  for  the  30-foot 
waterway. 

COST  OF  TRANSPORT  PROPER. 

The  theoretical  cost  of  moving  the  freight  unit,  exclusive  of  toll, 
from  one  terminal  to  the  other  on  the  lines  considered,  is  given  in  the 
following  table: 


21 -foot  waterway. 

30-foot  waterway. 

Kowte,  New  York 
to— 

Domestic. 

Foreigm. 

Domestic. 

Foreign. 

Total 
cost. 

Cost  per 
ton  mile. 

Total 
cost. 

Cost  per 
ton-mile. 

Total 
cost. 

Cost  per 
ton-mile. 

Total 
cost. 

Cost  per 
ton-mile. 

Duluth ..... 

Chicago 

Cents. 
45.2 
42.3 

Mills. 

0.31 

.31 

Cents. 
70.2 
67.3 

Mills. 

0.48 

.49 

Cents. 
45.4 

42.7 

Mills. 

0.31 

.31 

Cents. 
40.9 
38.2 

Mills. 

0.28 

.28 

.310 

.iX^ 

.310 

.2«0 

It  must  be  remembered  that  these  v^alues  are  purel}'  theoretical,  and 
are  not  given  as  tlie  probable  freight  rates;  but  they  are  believed  to 
be  proportional  to  the  latter,  and  may,  therefoi-e,  be  taken  as  relative 
measures  of  the  cost  of  transport  proper  for  the  waterways  comi)aied. 

The  table  shows  that  the  cost  of  transport  proper  on  the  21-toot 
waterway  is  about  the  same  for  domestic  traffic  as  on  the  30- foot  water- 
way. For  foreign  traffic  the  30-foot  waterway  shows  a  much  lower 
cost  of  transport  than  the  21 -foot  waterway'. 

TRAFFIC    CAPACITY. 

The  maximum  annual  traffic  capacity  of  the  21-foot  waterway  (when 
the  single-lift  locks  are  duplicated)  is  estimated  at  3G, 008,000  net  tons, 
and  that  of  the  30-foot  waterway  at  35,180,000  net  tons,  the  traffic  on 
the  smaller  waterway  being  greater  than  that  on  the  larger  one,  owing 
to  difference  in  time  expended  in  lockage.  It  should,  however,  be 
remarked  that  with  smaller  locks  properly  proportioned  for  the  most 
economical  type  carrier  the  traffic  capacity  of  the  larger  waterway 
would  be  somewhat  increased. 

SPEED. 

The  average  speed  on  the  21-foot  waterway  is  10.67  miles  per  hour. 
The  average  speed  on  the  30-foot  waterway  is  10  miles  per  hour. 

ADAPTABILITY   TO   TRAFFIC    CONDITIONS. 

Oui-  vessel  No.  1,  which  is  the  type  vessel  adopted  for  the  21-foot 
waterway,  has  a  draft  of  19  feet  and  can  enter  all  the  important  lake 
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harbors  as  well  as  navigate  along  the  seacoast.  It  is,  therefore,  much 
better  adapted  to  domestic  traffic  than  vessel  No.  2,  the  tyi)e  vessel 
for  the  30-foot  waterway,  since  the  latter  has  a  draft  of  27  feet  and 
can  not  enter  the  lake  harbors.  The  smaller  vessel  is  not  so  well 
adapted  to  deep-sea  navigation  as  the  larger  one. 

REGULARITY   OF  SERVICE. 

In  the  30-foot  waterway  navigation  would  be  freer  and  for  smaller 
vessels  a  little  more  rapid  than  in  the  21.-foot  waterway,  and  there 
wonld  be  less  danger  of  delay  from  accidents  and  crowding.  The 
time  required  for  vessel  No.  1  to  make  a  single  trip  from  Duluth  to 
New  York  on  the  30-foot  waterway  is  six  days  and  three  hours,  while 
the  same  journey  on  tlie  21-foot  water-wfiy  would  i-e<iuii'e  two  houfs 
longer. 

INFLUENCE   ON    KAILVVAV    KATES. 

As  both  waterways  fui-nish  low  rates  fur  large  traffic  volumes,  there 
seems  to  be  little  clioicc  between  tlieiu  in  tliis  respect. 

OUTLET  FOR  THE  LAKE  FLEET. 

Even  should  a  30-f()ot  waterway  be  estal)lished  between  the  lakes 
and  the  sea,  it  is  probable  that  the  number  of  vessels  of  large  draft 
in  the  lake  service  would  be  comparatively  small,  since  such  vessels 
could  not  enter  most  of  the  lake  harbors  and  would  be  adapted  only  to 
through  and  principally  foreign  traflfic.  The  21-foot  waterway  wouhl, 
therefore,  be  practically  as  good  as  the  30-foot  waterway  as  a  means 
of  access  to  the  sea  for  the  lake  tleet. 

ROUTE   FOR  SHIPS   OF   WAR. 

In  the  very  improbable  event  of  a  war  with  Great  Britain  everj'  large 
ship  of  war  poss(»ssed  by  this  country  would  be  re(|uired  on  the  high  sea. 
Such  vessels  would  be  unnecessary  on  the  lakes,  since  the  greatest 
depth  of  the  Canadian  waterways  is  only  14  feet.  For  purposes  of 
navaldefenso  tlu' 21-foot  waterway  api)eai"s  to  oftVi-ainpU'  facilities. 

SHIPBUILDING. 

The  30-foot  waterway  would  enable  the  shipbuilders  of  the  lakes 
to  construct  .seagoing  vessels  of  the  largest  size,  both  for  commercial 
and  naval  purposes.  With  the  21-foot  waterway  this  industry  must 
l)e  restricted  to  theconstruction  of  vessels  of  not  to<»  great  dimensions 
to  pass  the  locks.  If  the  width  of  the  locks  were  nuide  greater  than 
is  necessary  for  the  tyi>e  carrier,  ships  of  larger  size  could  be  floated 
from  the  lake  shipyards  to  the  seaboard  when  light.  This  would 
increase  the  cost  of  the  canal  and  diminish  its  traftie  capacity. 
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CONCLUSION. 

As  the  result  of  this  investigation,  it  appeal's  that  the  21-foot  water- 
way promises  a  much  greater  return  of  value  relatively  to  its  cost 
than  the  30-foot  waterway.  The  main  advantages  of  the  30-foot 
waterway  are  that  it  would  furnish  tlie  lowest  cost  of  transport  proper 
to  foreign  markets  and  permit  the  construction  of  the  largest  seagoing 
vessels  on  the  lakes. 

The  IJoard  desires  to  express  its  obligations  and  thanks  to  the 
Canadian  government  for  permitting  surveys  to  be  made  witliin 
Canadian  territory,  and  to  the  Montreal  harbor  commission  for  facili- 
ties extended  for  examining  the  Canadian  canals.  Thanks  are  due  to 
many  Canadian  engineers  for  their  cordial  cooperation  and  assistance. 
Among  these,  the  Board  is  especially  indebted  to  Messrs.  Thomas  C. 
Kiefer,  John  Kennedy,  Ernst  Marceau,  Thomas  Monro,  T.  S.  Rubidge, 
and  .T.  G.  Macklin  for  courtesies  and  valuable  information. 

The  Board  desires  to  express  its  sincere  thanks  to  Brig.  Gen.  John 
M.  Wilson,  Chief  of  Engineers,  United  States  Army,  and  to  the  officers 
of  the  Engineer  Department  in  AVashingtou,  for  their  courteous  assist- 
ance during  the  entire  progress  of  the  work.  Its  thanks  ai'e  also  due 
to  Lieut.  Col.  G.  J.  Lydecker,  Corps  of  Engineers;  Mr.  Joseph  Ripley, 
superintendent  of  the  St.  Marys  Falls  Canal;  Professors  E.  A.  Fuertes 
and  G.  S.  Williams,  of  Cornell  University;  Mr.  Frank  E.  Kirby  and 
Mr.  Edwin  S.  Cramp,  marine  engineers;  the  Detroit  Bridge  and  Iron 
Works,  and  the  United  States  Coast  and  Geological  Surveys. 

The  Board  wishes  to  express  its  higli  appreciation  of  the  ability, 
faithfulness,  iind  efficiency  of  its  secretary  and  of  the  assistant  engi- 
neers in  charge  of  the  various  divisions  of  the  work,  whose  reports 
are  appended  hereto.  Special  mention  should  be  made  of  Mr.  James 
H.  Bi-ace,  who  has  efficiently  filled  the  important  position  of  principal 
assistant  engineer  during  the  preparation  of  this  report,  since  his 
name  does  not  appear  elsewhere  as  in  charge  of  responsible  work. 

Respectfully  submitted. 

C.  W.  Raymond, 
Ldeutenant-  Colonel,  Corps  of  Engineers. 
Alfred  Noble. 
Geo.  Y.  Wisner. 

Hon.  Elihu  Root, 

Secretarij  of  War. 
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Appendix  Nu.  1. . 

LOCKS. 

Olio  of  the  most  stronij;ly  marked  features  of  recent  navigation,  both 
on  the  ocean  and  the  Great  Lakes,  lias  been  the  steady  increase  in  size 
of  ships.  The  most  accessible  record  relating  to  the  Great  Lakes  is 
that  of  the  St.  ]Mar\-s  Falls  Canal.  During  the  year  ending  June  30, 
1882,  there  were  ■4,.S84  passages  by  registered  vessels,  with  a  total  net 
registered  tonnage  for  the  year  of  2,37!>,216,  or  an  average  of  543  tons 
per  pa.ssage.  Dui-ing  the  calendar  year  of  181)1  the  average  was  802 
tons  per  passage;  in  180!)  the  average  was  1,14G  tons,  an  inci-eas<»  of 
more  than  100  per  cent  in  seventeen  years. 

Althouglx  these  figures  show  the  rate  of  increase  in  registered  ton- 
nage, they  do  not  give  an  accurate  idea  of  the  character  of  that 
change.  While  it  has  been  on  the  whole  a  continuous  increa.se,  it 
h;is  been  greatest  when  large  additions  were  made  to  the  navigable 
depth  of  water  in  the  principal  lake  harbors  and  in  the  channels  con- 
necting the  lakes.  In  1870  freight  through  the  canal  was  carried 
mainly  in  sailing  vessels  of  300  to  400  tons  net  register,  carrj'ing  car- 
goes of  600  to  700  tons  on  11  to  12  feet  of  water,  which  was  then  the 
limiting  depth.  During  the  next  eleven  years  the  deepening  of  the 
harbors  and  connecting  channels  to  10  feet  at  mean  stage  was  in 
progress,  but  was  not  available  until  the  opening  of  the  Weitzel  lock, 
in  1881.  This  period  was  marked  by  the  introduction  of  freight 
.steamships,  each  towing  one  to  three  .sailing  barges.  The  net  regis- 
t'r  of  these  ships  was  in  most  cases  le.ss  than  1,000  tons,  but  a  few 
wr;'  built  of  about  1,500  tons.  In  anticipation  of  the  opening  of 
deeper  waterways,  tlie  j)e\v  <liips  \vt>vi>  (Ic^jhikmI  to  ilr;iw  14  '■>  ]■">  fi^et 
when  fully  h)ade<l. 

With  the  opening  of  the  Weitzel  lock  tlu>  building  ol"  small  sailing 
ships  was  checked,  and  after  four  or  tive  years  ceased  almost  entiiely. 
The  old  ships  became  comparatively  unprofitable,  and  during  sea- 
sons of  low  freight  rates  many  were  put  out  of  commission.  The 
building  of  a  larger  class  of  ships  of  from  800  to  1,700  tons  net  regis- 
ter was  taken  up,  and  they  carried  a  constantly  inei'easing  proportion 
of  fndght. 

The  Canadian  lock  was  opened  in  1805  and  the  Poe  lock  in  1806, 
with  a  depth  of  20  to  21  feet  on  the  sills.  As  in  the  ease  of  the  Weit- 
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zel  lock,  the  increased  draft  had  been  to  some  extent  anticipated  by 
the  building  of  ships  which  could  not  be  fully  loaded  on  a  draft  of  16 
feet.  Several  exceeded  2,000  tons  net  register,  and  a  few  exceeded 
2,500.  These  ships  were  designed  to  carrj-  about  twice  the  register, 
but  up  to  the  end  of  1894  the  maximum  cargo  was  less  than  3,800  tons, 
showing  that  the  depth  of  water  in  the  channels  did  not  permit  full 
loading.  The  season  of  1805,  when  the  Canadian  lock  was  opened, 
happened  to  be  one  of  low  water.  Several  large  ships  of  nearly  3,000 
tons  register  were  in  commission  and  two  which  exceeded  3,300,  but 
the  maximum  cargo  was  only  4,400  net  tons.  During  the  next  two 
years  there  was  little  increase  in  size,  but  about  thirty  ships  were  built 
which  slightlj'^  exceeded  3,000  tons  net  register.  With  improved  con- 
ditions in  the  harbors  and  channels,  the  maximum  cargo  rose  to  6,244 
net  tons.  In  1808  three  ships  of  more  than  4,000  tons  register  were  in 
service,  and  the  maximum  cargo  was  7,840  net  tons.  The  maximum 
cargo  in  1899,  8,339  tons,  was  carried  by  the  John  Smeafoii,  which 
has  a  registered  tonnage  of  4,725. 

The  economy  of  transportation  in  these  large  ships  has  been  so 
marked  that  the  building  of  ships  of  less  net  registered  tonnage  than 
2,000  for  the  through  freight  business  from  Lake  Superior  to  Lake  Erie 
ports  has  practically  ceased.  The  largest  ships  now  in  use  on  the 
lakes  have  a  length  of  500  feet  over  all  and  a  beam  of  about  52  feet. 
It  is  hazardous  to  say  that  the  limit  of  dimensions  has  been  reached 
or  neared,  but  when  it  is  considered  how  rapidly  the  cost  of  a  ship 
increases  with  its  length  and  how  difficult  it  is  to  secure  structural 
strength  without  increase  of  draft,  it  seems  reasonable  to  conclude 
that  no  further  ver}' marked  increase  will  take  place  until  the  harbors 
and  connecting  channels  are  made  deeper. 

Although  the  existing  channels  do  not  have  quite  21  feet  of  water, 
the  larger  ships  are  designed  to  be  loaded  to  19  feet  or  more.  For  the 
rapid  and  safe  movement  of  a  ship  in  the  21-foot  waterway  there 
sliould  be  about  2  feet  of  water  under  its  keel.  The  larger  ships  now 
in  use,  therefore,  have  reached  the  limit  of  draft  that  should  be  per- 
mitted in  this  waterway.  If  it  were  certain  that  ships  no  larger  than 
the  largest  now  in  use  would  furnish  the  most  economical  transporta- 
tion, the  locks  should  be  no  larger  than  required  to  receive  them. 
There  maybe,  however,  considerable  development  in  length  and  beam, 
and  if  such  an  increase  should  prove  practicable  and  economical,  it 
would  be  a  serious  error  if  the  locks  were  made  too  small.  If,  on  the 
other  hand,  the  locks  were  a  little  larger  than  needed,  the  cost  Avould 
not  be  increased  verj'  much  nor  the  operation  of  the  canal  imi^eded 
appreciably.  The  dimensions  adopted — 600  feet  long  and  60  feet 
Avide — are  sufficient  for  a  ship  550  feet  long  over  all  and  58  feet  beam. 
Such  a  shij)  would  have  about  25  per  cent  greater  earrji ng  capacity 
than  the  largest  now  on  the  lakes. 

These  dimensions  provide  for  the  i^assage  of  the  larger  ships  singly. 
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The  locks  of  the  St.  Maiys  Falls  Canal  were  designed  to  pass  fleets  of 
foiii- larifc  shii)s  at  a  single  lockaire  wlnMievcr  so  many  w«'i<*  in  waiting, 
and  in  practice  tlic  average  nnniberof  ships  pn- lockag«*  is  about  two. 
This  canal  offei's  the  most  conspicuous  existing  example  of  tlic  lian- 
dling  of  a  large  traffic  through  a  canal  with  locks,  and  some  reasons 
must  be  given  for  departing  fi"om  such  a  prcce<lenl. 

The  first  reason  is  that  a  lock  large  enough  to  contain  a  fleet  ot'  four 
of  the  largest  ships  likely  to  navigate  the  waterway  would  be  large 
beyond  precedent.  The  new  or  Poe  lock  at  the  St.  Marys  Falls  Canal 
is  800  feet  long  and  100  feet  wide.  Before  it  was  completed,  ships  of 
more  than  half  its  length  were  in  use  and  the  lock  would  receive  only 
two  of  them  at  once.  Within  three  j'ears  after  its  opening,  ships 
were  in  use  of  more  than  half  its  breadth  as  well  as  more  than  half  its 
length,  and  onlj'  one  of  them  couhl  be  taken  into  the  lock  at  one  lock- 
age. For  the  ''tj'pe  ship"  in  the  21-foot  channel  (see  Api)endix  5) 
the  lock  to  pass  four  at  once  would  have  to  be  1,020  feet  long  and 
about  loo  feet  wide.  To  i^ass  ships  of  the  larger  size  thought  possible, 
550  feet  long  and  58  feet  beam,  the  lock  should  be  1,170  feet  long  and 
about  120  feet  wide.  The  difficulties  of  operating  such  a  lock  would 
be  very  great. 

The  second  reason  is  that  each  vessel  would  be  delayed  while  other 
vessels  were  being  i)laced  in  the  lock.  This  is  not  of  great  moment 
at  a  single  lock,  but  with  the  large  number  of  locks  on  the  deep 
waterway  the  aggregate  loss  of  time  would  be  a  serious  tax  on  navi- 
gation. It  is  believed  that  the  waterway  should  l)e  so  designed  as  to 
provide  the  quickest  transit  foi-  each  ship. 

The  preceding  reasons  relate  to  the  economy  of  the  ship.  A  third 
reason  for  preferring  the  lock  for  a  single  ship  is  found  in  economy 
of  water  supply.  This  is  of  most  importance  on  the  Mohawk  route, 
where  it  would  be  difficult  to  obtain  a  sufti<'ient  supply  for  the  large 
locks. 

Ocean  ships  ha\e  had  a  less  rapid  development  than  ships  on  the 
Great  Lakes,  but  similar  in  kind.  The  controlling  conditions  are  more 
comi)lex  than  on  the  lakes;  the  depth  in  harbors  varies  greatly;  the 
natui-e  of  the  cargo,  the  number  of  ports  of  call,  and  the  port  facilities 
for  handling  freight  differ  from  the  simpler  conditions  and  more  per- 
fect appliances  on  the  lakes,  and  on  many  routes  it  is  imi>i-actie,ib]e 
for  large  ships  to  be  profitably  employed. 

The  greater  part  of  the  freight  transixnled  by  sea  is  carrie<l  in  ships 
not  exceeding  ooo  feet  in  extreme  length  and  55  feet  beam.  For  pas- 
senger service  large  and  fast  ships  are  preferred  by  the  traveling  pub- 
lic. This  fact  has  1<m1  to  the  buihling  of  larger  and  fastei-  ships  for  a 
combined  pass<*nger  and  freight  service  than  usually  re<iuired  for 
freight  alone;  yet  the  largest  ships  of  the  long-established  Peninsular 
an«l  Oriental  Steamship  Company  which  traveree  the  Suez  Canal  and 
visit  East  Indian  and  Australian  ports  do  not  exceed  the  dimensions 
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Rbov<'  named.  One  of  the  new  ships  of  this  line,  the  Assaye, 
launched  in  October,  IS'.iO,  is  only  450  feet  long  and  54-  feet  beam.  The 
new  ships  of  the  ^Vllit('  Star  Line  for  the  Australian  trade  are  much 
larjier,  being  about  575  feet  long  over  all  by  04  feet  beam. 

The  most  marked  development  in  size  of  ocean  ships  has  been  on 
the  North  Atlantic  route.  This  would  seem  particularh' pertinent 
to  the  deep  waterway,  because  the  greater  part  of  the  materials  pass- 
ing through  the  deep  waterway  for  expoi't  would  cross  the  ocean  bj^ 
the  North  Atlantic  route.  T!ie  longest  ships  on  this  route  are  devoted 
Avholly  or  mainly  to  the  transportation  of  passengers.  They  would 
not  traverse  the  deep  waterway.  The  next  in  length  are  ships  carry- 
ing botli  passengers  and  freight  and  I'unning  from  li)  to  10  statute 
miles  per  hour.  The  largest  of  this  class  .jire  the  Pennsylvania  and 
Graf  Waldersee,  of  the  I [aml>urg- American  Line, -500  to  505  feet  long 
and  02  feet  b3am';  the  Cymric,  of  the  White  Star  Line,  600  feet  long 
and  04  feet  beam,  and  the  Ivernia  and  Snxonia,  of  the  Cunard  Line, 
000  feet  long  and  044  feet  beam.  These  ships  when  fully  loaded  draw 
unward  of  80  feet  in  sea  water,  while  the  permissible  draft  in  the 
30-foot  deep  waterway  would  not  much  exceed  27  feet  in, fresh  water, 
equivalent  to  a  sea  draft  of  about  20  feet  There  must  be  some  ratio 
between  length  and  draft  for  the  best  economical  results. 

This  ratio  between  length  and  draft  is  treated  very  ably  in  a  paper 
by  Prof.  .1.  n.  Biles  recently  presented  to  the  (British)  Institution  of 
Naval  Ai'chitects.  This  paper  contains  estimates  of  cost  of  two  series 
of  ships,  running  from  500  to  700  feet  in  length.  In  the  first  series  the 
full-load  draft  is  uniformly  27  feet  0  inclies.  In  the  second  series 
the  draft  increases  from  27  feet  0  inches  for  the  ship  500  feet  long  to 
38  feet  (j  inches  for  the  ship  700  feet  long,  the  ratio  of  length  to  draft 
being  about  18.  A  comparison  is  then  made  of  the  cost  of  carrying  a 
ton  of  cargo  5,000  nautical  miles  at  a  speed  of  12  knots  per  hour  in 
these  ships.     The  results  are  shown  in  the  following  table: 


Length  of  ship"— feet 

.500 

5.50 

60(J 

6.50 

700 

First  series,  draft  27  feet  0  inclies  for  all: 

8.6 

27'  6" 
8.6 

9.0 

;30'  3" 
•      8.0 

9.6 

3:^'  0" 
7.6 

1(1. 1 

a5'_9" 

11.2 

Second  series,  draft  varying: 

Draft                                  

38'  6" 

7.0 

This  table  shows  clearly  the  greater  cost  of  transportation  in  large 
ships  per  ton  of  cargo  on  a  limited  draft,  as  well  as  the  economy  of 
transportation  in  large  ships  with  draft  increasing  with  length. 

In  order  to  check  these  results  by  an  independent  estimate  with 
more  complete  details  of  the  several  elements  of  cost,  one  of  the  most 
I3rominent  naval  architects  in  the  United  States,  Mr.  Frank  E.  Kirby, 
was  requested  by  the  Board  to  prepare  estimates  of  the  cost  of  build- 
ing, maintaining,  and  operating  ship  i  of  ^■arious  dimensions  from  480 
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feet  in  len^u:tli  by  5-  feet  in  breadth  to  550  feet  in  Icni^tli  by  'ii'  leet  in 
brea<lth,  all  with  a  load  draft  of  27  feet.  The  estimates  are  jj^iven  and 
discussed  iu  Appendix  5.  They  show  that  the  cheapest  transporta- 
tion through  the  30-foot  waterway  from  Duluth  or  C'hieago  to  New 
York  Harbor  would  be  given  by  the  ship  5oo  tVet  long.  Tlie  beam  of 
this  ship  was  assumed  to  be  54  feet. 

It  is  interesting  to  note  that  tliis  length  i>  practically  tin-  >aiiif  a^ 
tluit  of  the  largest  existing  ship  on  the  Great  Lakes — the  JoJin  W. 
Gates — and  that  its  beam  is  onlj'  2  feet  greater,  while  its  draft 
exceeds  that  of  the  Gates  by  7  or  8  feet.  This  analysis  therefore 
supports  the  idea  that  the  limit  of  size  of  lake  boats  has  been  nearly 
or  ([uite  reached  unless  the  harbors  an<l  channels  are  made  deeper. 

The  foregoing  figures  have  been  based  on  the  assumption  that  the 
cargo  would  be  of  such  densitj'  that  the  ships  could  be  full}'  loaded. 
Certain  classes  of  freight  might  require  more  space  than  a  shi})  500  by 
54  feet  atfords.  Professor  Biles  shows  that  the  lai'ger  ship  on  constant 
draft  gives  greater  proportional  space.  This  might  lead  to  the  use  of 
a  small  number  of  larger  ships.  Further  improvements  in  terminal 
facilities  and  further  economies  in  operating  sliips  might  tend  in  the 
same  direction. 

Although  the  contingency  is  extremely  remote,  it  is  conceivable 
that  it  may  at  some  time  become  extremely  desirable  to  pass  war 
ships  through  the  waterwaj'.  To  pass  our  largest  existing  battle  ships 
would  require  a  width  of  locks  of  75  feet,  and  it  may  be  expected  that 
larger  ones  will  be  built  in  the  near  future.  A  reasonable  provision 
for  future  increase  would  be  made  if  the  width  were  fixed  at  80  feet. 

Among  the  industries  which  it  is  expected  the  waterway  will 
develop  at  lake  ports  is  that  of  building  ocean  ships.  With  locks  80 
feet  wide  this  industry  could  include  the  building  of  battle  ships. 

With  these  several  considerations  before  it,  the  Board  decided  to 
estimate  for  the  :^0-foot  waterway,  locks  740  feet  in  length  from  ([uoin 
to  quoin,  giving  an  available  length  of  about  700  feet  and  80  feet  in 
width.  The  additional  width  of  lock  increases  the  time  required  for 
filling  and  emptying  the  lock,  and  thus  reduces  to  some  extent  the 
commercial  usefulness  of  the  waterway.  There  will  be  difference  of 
opinion  as  to  whether  the  possible  military  value  and  the  possible 
service  to  shipbuilding  interests  justify  the  infliction  of  this  loss  on 
the  interests  of  navigation. 

In  view  of  the  result  of  the  investigation  regarding  the  length  of 
ship  to  give  the  cheapest  transportation,  the  length  of  lock  adopted 
may  seem  too  great.  In  single  locks  or  when  two  lifts  are  combined  it 
is  propo.sed  to  place  intermediate  gates  in  the  locks,  so  that  a  shorter 
chamber  can  be  used  when  desirable.  In  these  cases  the  long  lock  is 
objectioimble  on  account  of  first  cost  only.  Where  moi-e  than  two 
lifts  are  combined  the  intermediate  gates  are  omitted,  and  if  the 
adopted  length  of  lock  is  greater  than  necessary  it  affects  unfavorably 
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both  first  cost  and  facilit}'  of  operation;  but  it  must  not  be  forgotten 
that  successive  economies  in  cost  of  transportation  have  almost 
invariably  favored  a  larger  shij),  and  it  is  judicious  to  make  a  large 
provision  foi'  possible  increase. 

CAPACITY  OF  A  LOCK  OR  SYSTEM  OF  LOCKS  FOR  THE  PASSAGE  OF 

SHIPS. 

It  is  necessary  to  show  what  capacity  for  traffic  the  waterways  pro- 
posed will  have.  It  is  obvious  that  the  limit  is  fixed  by  the  locks. 
The  method  followed  for  investigation  is  to  calculate  the  maximum 
capacity  of  a  lock  or  series  of  locks  to  pass  ships,  and  then  to  apply  to 
this  theoretical  result  a  coefficient  derived  from  experience  at  the  St. 
Marj's  Falls  Canal,  to  obtain  tlie  practical  capacity.  The  discussion 
of  several  problems  of  the  deep  waterway  requires  a  determination  or 
assumption  as  to  the  average  size  of  ships  that  will  traverse  it.  The 
question  is  taken  up  briefly  elsewhere,  with  the  result  that  the  average 
net  register  of  ships  in  the  21-foot  waterway  is  taken  at  2,500  tons  and 
in  the  30- foot  waterway  at  3,000  tons. 

The  greater  part  of  the  freight  carried  througli  tlie  dt'cp  walerway 
will  be  bound  eastward.  It  has  been  estimated  that  the  west-bound 
freight  will  be  one-third  as  much.  Througli  the  St.  Marys  Falls  Canal 
the  west- bound  freight  in  1890  was  about  22  per  cent  of  the  east- 
bound.  For  the  present  purpose  it  is  assumed  that  ships  east  bound 
will  cany  full  loads  and  when  bound  west  will  carry  one-fourth  as 
much.  A  ship  fully  loaded  carries  about  twice  its  net  registered  ton- 
nage. The  total  freight  carried  will  therefore  be,  on  the  assumption 
given,  two  and  one-half  times  its  net  register  for  the  round  trip,  or  an 
average  of  one  and  one-fourth  times  its  net  register  for  each  passage. 
In  calculating  the  capacity  of  a  lock  it  is  more  convenient  to  deal  with 
the  net  registered  tonnage. 

The  delay  at  a  lock  is  calculated  from  the  following  data: 

1.  A  ship  approaching  a  lock  will  reduce  speed  at  the  rate  of  1  mile 
per  hour  while  moving  400  feet. 

2.  When  within  700  feet  of  the  lock-gate  quoin  its  speed  will  have 
been  reduced  to  2  miles  per  hour. 

3.  If  the  lock  is  open,  the  ship  will  continue  at  this  rate  until  its 
stern  is  within  150  feet  of  the  lock-gate  quoin  (200  feet  if  moving 
downstream).  It  will  come  to  a  full  stop  in  the  next  200  feet,  back- 
ing the  Avheel  if  necessary. 

4.  If  the  lock  is  not  ready,  the  ship,  on  arriving  within  700  feet  of 
the  lock-gate  quoin  with  a  speed  of  2  miles  per  hour,  will  come  to  a 
full  stop  within  the  next  200  feet,  backing  the  wheel  if  necessary,  and 
tie  up.  When  the  lock  is  opened,  the  ship  will  acquire  a  speed  of  2 
miles  per  hour  in  moving  400  feet  and  continue  at  this  rate  into  the 
lock,  stopping  as  before. 
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5.  The  time  required  for  opening  or  closing  a  pair  of  gates  is  takeu 
at  two  minutes. 

(J,  When  the  ship  is  brought  to  a  stop  in  the  lock,  it  will  move 
forward  until  its  bow  is  within  50  feet  of  the  next  quoin  and  ti<'  up. 
This  movement  will  be  made  while  the  gates  are  being  closed. 

7.  The  time  for  tilling  or  emptying  a  single  lift,  for  filling  the  upper 
lock  of  a  series,  aiul  for  emptying  the  lower  lock  of  a  series  is  the  the- 
oretical time  divided  by  the  eoeflficient  0.75.  For  the  filling  or  empty- 
ing of  intermediate  locks  of  a  series  the  coefficient  is  taken  at  0.(JG. 
The  coefficient  is  sniMllcr  in  tliis  caso  on  account  of  the  greater  length 
of  the  culverts. 

8.  A  ship  leaving  a  lock  acquires  a  speed  of  -  miles  per  hour  in 
moving  400  feet,  increases  speed  to  4  miles  per  hour  in  the  next  000 
feet,  and  then  proceeds  to  increase  speed  at  the  rate  of  1  mile  per 
hour  while  moving  400*  feet  until  full  speed  is  attained. 

Lockage  capacity  of  the  21-foot  waterway. — The  maximum  capacity 
of  a  single  lock  would  be  developed  if  shixjs  were  constantly  in  waiting 
and  were  passed  alternately  up  and  down.  The  minimum  time 
re([uired  for  the  passage  of  two  ships  through  a  lock  of  20  feet  lift 
would  be  as  follows: 

From  tie-up  place  into  lock,  first  ship minutes..  9.3 

Closmg  lower  gates -   -do 2.0 

Filling  luck do 5. 1 

Opeuing  upper  gates    . do 2.0 

Leaving  lock  passing  waiting  ship do 8. 1 

Moving  into  lock  from  tie-up  place,  second  ship -do 9. 0 

Closing  upper  gates -  -  - do 2. 0 

Emptying  lock .  ..do 5. 1 

Opening  lower  gates, do 2. 0 

Leaving  lock  and  passing  waiting  ship _  -  do 8.1 


Time  for  two  ships do  ')2. 7 

Time  per  ship i"  2(5.35 

Number  of  ships  in  a  navigation  year  of  two  hundred  and  thirty-seven 

days -. - 12,952 

Annual  net  registered  tonnage,  at  2,500  tons  per  ship tons- .  32, 3S0, 000 

Annual  freight  traffic,  assumed  to  be  one  and  one-fourth  times  the  reg- 
istered tonnage .  _ tons..  40.475.000 

This  would  be  the  maximum  traffic  capacity  if  the  lock  were  in  con- 
stant operation  with  no  dela\'S  whatever.  Notwithstanding  the  great- 
est perfection  in  operating  machinery,  the  utmost  skill  in  handling  it, 
and  the  greatest  care  in  the  moving  of  ships  at  the  locks,  accidents 
and  delays  will  occur,  incretising  considerably  the  average  time  of 
lockage.  The  condition  that  ships  shall  always  be  in  waiting  is  inad- 
missible, because  i1  would  involve  so  much  aggregate  delay  to  ship- 
ping as  to  make  the  route  unprofitable.  By  reason  of  vaiying  weather, 
dirt'erent  rates  of  speed,  and  dejays  in  receiving  freight,  the  distribu- 
tion of  shii)s  along  the  route  is  far  from  uniform,  and  as  the  traffic 
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capacity  of  a  lock  is  approached  the  delays  to  shipping  augment  in 
rapidlj' increasing  ratio.  Experience  at  the  St.  Marys  Falls  Canal 
shows  this  very  clearlj'. 

The  greatest  traffic  through  this  canal  with  only  one  lock  in  oper- 
ation occurred  in  1804  through  the  Weitzel  lock.  The  delays  to  sliips 
were  so  great  that  it  may  be  considered  the  practical  traffic  capacity 
of  the  lock  was  reached.  The  canal  records  enable  a  comparison  to 
be  made  of  the  theoretical  (or  calculated)  and  the  ])vactical  traffic 
cai)acit3^  of  the  locks  of  the  deep  waterway. 

In  applying  the  data  it  is  necessary  to  make  two  corrections,  wliieh 
depend  on  the  character  of  the  shipping.  These  are :  First.  Tiie  ships 
which  will  traverse  the  deep  waterway  are  assumed  to  average  2,500 
tons  net  register  (for  the  21-foot  waterwaj*).  This  is  more  than  twice 
the  mean  tonnage  of  the  ships  traversing  the  St.  Maiys  Falls  Canal  in 
1894,  and  the  larger  ships  require  more  time  in  handling.  Second. 
Two  or  more  ships  are  usually  locked  tlirough  together  at  the  St.  Marys 
Falls  C^anal,  while  it  is  expected  that  ships  will  pass  singly  through 
the  locks  of  the  deep  waterway.  The  time  required  for  lockage  should 
therefore  be  less  for  the  deep  waterway.  A  third  cori-ection  depends 
on  the  time  required  for  filling  or  emptying  tlie  lock.  This  will  be  less 
for  the  lock  of  20-foot  lift  in  the  21-foot-deep  waterway  than  for  the 
Weitzel  lock. 

The  following  data  relating  to  the  traffic  of  1804  through  the  Weitzel 
lock  are  taken  from  the  official  report  of  the  engineer  officer  in  charge: 

Net  registered  tonnage  .  13. 110.3(56 

The  number  of  lockages 6, 431 

The  number  of  ships 14, 491 

Average  time  of  lockage _ .  40  34" 

Average  time  in  lock  for  each  ship 34  32' 

14491 
The  average  number  of  ships  per  lockage  was  tmot  =2.25. 

The  net  registered  tonnage  given  above  is  taken  to  represent  tlie 
practical  traffic  capacity  of  the  Weitzel  lock.  It  is  to  be  shown  what 
the  corresponding  capacity  would  have  been  if  the  ships  had  been 
locked  singly,  if  the  net  registered  tonnage  of  ships  had  averaged 
2,500,  and  if  the  time  for  filling  and  emptying  the  lock  had  been  the 
same  as  calculated  for  the  lock  of  20-foot  lift  in  the  21-foot  waterway. 

At  the  St.  Marys  Falls  Canal  the  time  for  a  lockage  is  taken  as 
beginning  when  the  bow  of  the  ship  enters  the  lock  and  ending  when 
the  stern  leaves  it.  The  entire  cycle  from  the  beginning  of  one  lock- 
age to  the  beginning  of  the  next  is  greater.  Sufficient  time  must  be 
added  to  the  given  time  of  lockage  to  permit  the  -ship  to  move  from 
the  outlet  of  the  lock  past  the  waiting  ship  (which  is  suiDposed  to  l>e 
lying  as  near  the  lock  as  practicable)  and  for  the  movement  of  the 
second  ship  from  its  waiting  place  to  the  entrance  to  the  lock.  The 
second  ship  can  not  move  until  the  first  ship  passes  it.     The  time 
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required  for  these  two  niovemeiits  has  not  l)een  observed  at  the  St. 
Marys  Falls  Canal.  It  has  l)eeii  (aleulated  for  the  deep  waterways  to 
be  S  minutes.  For  the  smaller  sl.ips  of  1S!»4  it  would  probal)ly  have 
been  about  two-thirds  as  much,  or  .*>.;}  minutes.  Addinj.?  this  to  the 
reported  tiineof  lockaire,  there  results  when  loekajres  are  eonsecutivt — 

Interval  from  the  commencement  of  one  lockaj^e  to  the  commence- 
ment of  the  next  at  the  St.  Marys  Falls  Canal  iji  1S94,  40,o+n.8=4/).8 
minutes. 

It  is  next  to  be  determined  how  much  this  lockatre  intei-xai  would 
be  reduced  if  ships  were  locked  sinj^ly. 

Let  }i  =  numl)ei-  of  ships  per  lockage. 

Let  ./•  =  time  of  .ship  in  lock  when  locked  sinj^ly. 

Let  ij  =  additional  time  required  to  move  another  ship  into  or  out 
of  the  lock. 

The  additional  time  pei- lockage  and  additional  time  pei-  sliip  will 
be  as  per  following  table : 


Num- 
loer  of 
ships 
per 
lock- 
age. 

Delays  to  s'aips  while  others 
are  enterinir  lock. 

Delays  to  ships  while  others 
are  leaving  lock. 

Total 
delay 

to 
ships. 

i 

To 
first 
ship. 

To     '     To 

second    third 

ship.      irhip. 

To 
fourth 
ship. 

To          To 
first     second 
ship.      ship. 

■  To 

third 

ship. 

To 

fourth 

ship. 

n-\ 

0 

0    



liy 

n 

0    

0            y 

"          y 

11                 y 

"iy 

'iy 

•iy 
■Ml                «tf 

i-=3    -. 
»i=4    .. 

y           0 
2i/           y 

o' 

F'rom  this  table  we  can  deduce  the  followiuir  formuhe: 
Time  of  ship  in  lo{'k=./-+(//  — 1)  //. 
Time  of  lockaj;e=.r+L>  (//-I)  //. . 
Foi-  1S'.'4,  //=:?. 25,  and  the  e<piatious  ])ecoiiie 
./•+ (2.20-1)  //=84.o. 
./■+2  (2.25-1)  //=4().5. 

Wlience  //  =  4.h  minutes. 

./•=2s.5  minutes=time  of  ship  in  the  Weitzel  lock  in  l.s'.i4 
when  locked  siujily.  The  entire  interval  between  the  commencement 
of  one  locka,m'  and  the  commencement  of  the  next  wouhl  ha\e  l)een 
5.3  minutes  more,  or  28. 54-5. 0=0:5. S  minutes. 

Witli  the  larger  ships  assumed  for  the  deep  waterway,  this  interval 
would  be  greater  on  account  of  the  additional  time  required  to  move 
the  larger  ship  from  the  waiting  pbice  inti)the  lock  and  from  the  lock 
past  the  waiting  place,  including  the  movement  in  the  lock  as  well  as 
in  the  appr<iaches.  The  calculated  time  for  these  movements  is  17.34 
minutes;  one-third  of  this  is  5.8  minutes.     Adding  this  to  33.8,  there 
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results  39.  G  minutes  as  the  time  required  for  locking  the  assumed  deep- 
waterway  ship  through  the  Weitzel  lock.  If  the  deep- waterways  lock 
of  20  feet  lift  were  substituted  for  the  Weitzel  lock,  the  lockage  time 
would  be  reduced  by  reason  of  quicker  filling  and  emptying.  This 
reduction  would  be  about  3  minutes,  making  interval  from  commence- 
ment of  one  lockage  of  a  single  ship  to  commencement  of  next  tlirough 
the  deep-waterways  lock  of  20  feet  lift  (21-foot  waterway)  =  3y.G  — 3.0= 
36.0  minutes. 

This  is  larger  than  the  calculated  time  given  on  page  135,  as  it  ought 
to  be,  because  it  includes  delays  of  all  kinds  in  the  locks,  but  it  does 
not  include  delays  of  ships  awaiting  lockage.  It  is  to  be  compared 
with  the  corresponding  time  actually  required  for  fleet  lockages  in 
1894,  given  on  page  137  as  45. S  minutes.  It  may  be  presumed  that  if 
the  lockage  time  were  reduced  from  45.8  to  30.6  minutes  the  number 
of  lockages  would  be  correspondingly  increased  and  the  traffic  could 
be  augmented  in  like  ratio  with  no  more  delaj'^  to  waiting  ships.  The 
actual  number  of  lockages  liaving  been  0,431,  the  number  through  the 
deep- waterways  lock  with  one  sliip  of  2,500  tons  net  register  \wv  lockage 
would  he — 

M3lxg-^=. 8,048 

Net  registered  tonnage,  at  2,5(X)  tons  per  ship .    . . _ 20, 120, 000 

Freight  tonnage,  one  and  one-fourth  times  net  registered  tonnage 25, 150, 000 

Witli  this  traffic  the  delays  to  waiting  ships  would  be  about  the  same 
as  occurred  at  the  St.  Marys  Falls  Canal  in  1894,  and  it  nmy  be  con- 
sidered the  practical  maximum  capacity  of  a  single  lock  of  20  feet  lift 
in  the  21-foot  waterway.  It  is  about  0.621  of  the  calculated  maximum 
capacity  of  this  lock.  This  coefficient  will  be  applied  in  the  following 
cases  to  the  calculated  maximum  capacity  to  obtain  the  ijractical  capac- 
ity of  the  several  lockage  systems. 

This  deduction  of  practical  capacity  of  the  lock  of  the  deep  water- 
way is  based  upon  the  best  existing  data.  Although  certain  factors 
introduced  are  derived  from  assumptions  as  to  movement  of  ships,  it 
is  not  believed  that  any  error  contained  in  them  can  affect  in  an 
im^jortant  degree  the  traffic  capacity  obtained  from  the  discussion. 

If  two  successive  lifts  of  20  feet  each  were  combined  into  one  flight, 
the  minim  am  time  required  for  the  passage  of  two  ships  in  opposite 
directions  would  be  82  minutes,  or  41  minutes  per  shij).  This  would 
make  the  calculated  maximum  capacity  of  the  s^'stem  26,012,000 
freight  tons  per  navigation  year  of  237  days,  or,  applying  the  coeffi- 
cient, 0,021,  a  practical  maximum  capacity  of  16,153,000  tons. 

If  three  or  more  locks  are  combined  into  one  flight,  the  capacity  of 
the  system  will  be  still  less.  If  the  system  is  doubled,  ships  will  be 
passed  down  in  one  flight  and  up  in  the  other.    The  minimum  interval 
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between  two  sliii).s  will  bo  as  per  followiiijj;  statemtMit.     Take  the  Lcw- 
iston  flight,  witli  loeks  of  4(»  feet  lift,  as  rej: resenting  the  worst  case: 

IMitnites. 

From  tie-np  place  into  lock  (from  below) .t.3 

Closing  gates. , i.O 

Filling  lock _         . 

Opening  second  gates .    » 

Moving  into  second  lock  . . i;.  T 

Closing  second  gates j.  0 

Emptying  fii-st  lock ; 7.3 

Opening  upper  gates 2.0 


Interval :^T.O 

Witli  an  interval  between  ships  of  ;i7  minutes,  the  number  of  ships 
in  the  navigation  year  of  237  days  would  be  1»,224;  net  registered  ton- 
nage at  2,500  tons  per  ship,  23,060,000;  freight  tonnage  one  and  one- 
fourth  times  registered  tonnage,  28,825,000.  For  the  duplicate  line 
of  loeks  the  capacity  would  be  the  same,  making  the  calculated 
niaxiniuni  traffic  =  28,825,000  x  2  =  57,(350,000  tons.  The  practical 
maximum=0.(321  of  this=35,801,000  tons. 

Lockage  capacity  of  the  30-foot  waterway. — Following  the  same 
method  as  for  the  21-foot  waterway,  the  minimum  time  required  for 
the  i)assage  of  two  ships  in  opposite  directions  throngh  a  single  lock 
of  20  feet  lift  would  be  as  follows: 

Minutes. 

From  tie-up  place  into  lock,  first  ship    :•.  c, 

Closing  lower  gates :.'< 

Filling  lock ^.  i 

Opening  upper  gates .2.0 

Leaving  lock  and  passing  waiting  ship .- 

Moving  into  lock  from  tie-up  place,  second  ship. 

Closing  upper  gates. . :.'.  o 

Emptying  lock •<.  1 

Opening  lower  gates 

Leaving  lock  and  passing  waiting  ship  .  .   .   


Time  for  two  ships .    GO.  ;i 

Time  per  ship 30.15 

Numhtr  of  ships  in  a  navigation  year  of  237  days.  11. 319 

Annual  net  registered  tonnage,  at  3.000  tons  per  ship. .  tons. .  33, 057.  ()<)0 

Annual  freight  tonnage,  assumed  to  be  one  and  one-f ■  nrf '  >  t  ,  , .  _ 

the  registered  tonnage .  iJ.  1  !•>.  i h m 

This  is  the  calculated  maximum.  Using  the  same  coefficient  as 
liefore,  0.021,  the  practical  maximum  would  be  42,44('),00o  x  ('.ClM  = 
2G,:35t>,000  for  a  single  lock  of  20-foot  lift  in  the  30-foot  waterway. 

If  two  successive  lifts  of  20  feet  each  were  combine*!  into  one  Hight, 
the  minimum  time  re<iuired  for  the  passage  of  two  ships  in  opposite 
directions  would  be  W  minutes,  or  48  minutes  per  ship.  This  would 
make  the  calculated  maximum  capacity  of  the  system  20,<362,0()0  net 
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tons  of  freight  in  a  navigation  year  of  2-57  days,  or  a  practical  niaxi- 
muni  of  0.621  of  this  =  lG,o57,(»'oO  tons. 

With  three  oi-  more  locks  combined  in  one  flight  the  capacity  of  the 
system  will  be  less,  as  alreadj'  noted  .in  discussing  the  locks  for  the 
21-foot  waterway,  and  if  greater  capacity  is  desired  the  system  must 
be  doubled,  one  flight  of  locks  l)eing  used  for  ships  bound  down,  the 
other  for  ships  bound  up.  The  maximum  capacitj-  of  a  flight  depends 
on  the  minimum  interval  required  between  ships.  Taking  the  Lew- 
iston  flight  Avith  a  lift  of  40  feet  at  each  lock,  the  minimum  interval 
between  ships  will  be  as  follows: 

Minutes, 

From  tie-up  place  into  lock .  _ .     9. 6 

Closing  first  gates    _                   .  2.0 

Empt3-ing  first  lock  0.6 

Opening  second  gates , 2.0 

Moving  into  second  lock  .......     7. 1 

Closing  second  gates ... 2.0 

Filling  first  lock . 11.9 

Opening  first  gates  ... 2.0 

Interval  between  ships . . 40. 2 

"With  an  interval  lietween  ships  of  4<1.2  minutes  the  numbei'of  ships 
in  a  navigation  year  of  237  days  would  be  7,387.  Net  registered  ton- 
nage at  3,000  tons  per  ship,  22,161,000  tons.  F'reight  tonnage,  one 
and  <>ne-(iuarter  times  registered  tonnage,  27,701,000  net  tons. 

For  the  duplicate  flight  of  locks  the  capacity  would  be  the  same, 
making  the  calculated  nuiximum  capacity — 

Tons. 

27.701.000X2= 55,402.000 

The  practical  capacity  =  0.621  of  this 34.405,000 

This  is  less  than  the  capacity  of  the  same  system  of  locks  in  the 
21-foot  waterway,  although  the  assumed  average  tonnage  per  ship  is 
20  per  cent  greater.  The  result  illustrates  the  cost  to  purely  com- 
mercial navigation  interests  of  adopting  lock  dimensions  much  greater 
than  commercial  ships  are  likely  to  require  in  order  to  make  the  water- 
Avay  more  useful  for  war  purposes. 

The  Board  assumes,  for  the  discussion  of  technical  questions  aff'ect- 
ing  the  waterway,  that  the  annual  traffic  will  be  25,000,000  tons.  It 
is  believed  that  this  can  l)e  passed  through  a  single  lift  by  a  single 
lock;  but  the  capacity  of  the  lock  will  be  nearh*  i-eached,  and  the 
delays  to  ships  while  awaiting  lockage  will  l)e  considerable.  At  the 
St.  Marys  Falls  Canal  in  1804  the  delay  to  ships  Avhile  awaiting  lock- 
age was  an  average  of  34  hours  for  each.  The  delays  were  due  mainly 
to  bad  weather,  causing  ships  to  arrive  at  times  in  fleets.  These 
delays  increase  rapidly  when  the  waterway*  is  overcrowded. 

In  1890,  with  a  tonnage  of  8,500,000  tons,  the  average  delay  was  less 
than  14  hours.  In  1896,  when  the  Canadian  lock  was  in  successful 
operation  and  the  new  Poe  lock  afilorded  some  relief,  the  delavs  were 
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reducecl  to  less  than  one  hour,  ,-ilth(nij;Ii  ili.-  t.»iiii;m<'  h;i<l  iiicr.-a-'-'i 
since  1804  from  1.'],  100, 000 to  17,-'00,0(»0.  hi  ISiC  all  three  h)cks  <»f  the 
system  were  in  suoeessful  operation,  and  the  mnnm-ml'-''  <l"l;i\  vv:.<  <,iil\- 
one-fourth  hour,  with  a  tonnage  of  17,0()0,OOi) 

The  preceding- estimates  of  capacity  of  locks  have  hccn  l>asf<|  on  ihe 
record  of  tlie  St.  Marys  Falls  Canal  in  1S!»4.  If  the  treatment  is  cor- 
rect, it  follows  that  when  the  annual  freight  tonnage  in  the  21-foot 
waterway  reaches  25,150,000,  the  delays  at  that  point  with  only  a  single 
lock  in  use  would  be  about  3|  hours  i)er  sliip;  i)i  the  :30-foot  watei-way 
this  delay  would  occur  when  the  annual  freight  tonnage  rem^hed 
20,359,000.  This  unequal  distril>ution  of  shipping  would  pi-oV)ably  be 
greater  at  the  St.  Marys  Falls  Canal  than  at  any  other  lake  point  on  1  he 
route,  but  delays  of  a  similar  character  will  occur  on  the  Mohawk  route 
at  Oswego  to  shix)S  bound  east  and  at  Albany  to  ships  bound  west.  On 
the  St.  Lawrence-Champlain  route  similar  delays  will  occur  at  the 
Galops  Rapids  lock  to  ships  bound  east  and  at  the  Troy  lock  to  ships 
bound  west.  The  delays  at  the  termini  of  the  Niagara  section  would 
be  much  less  on  account  of  the  greater  capacity  of  the  double  lockage 
system  provided  there. 

The  delay  to  ships  at  intermediate  locks  on  each  of  the  divisions  of 
the  waterway  will  be  small,  because  the  terminal  locks  will  distribute 
them.  If  all  ships  moved  at  uniform  rates,  the  delay  would  be  inapi)re- 
ciable,  but  as  some  will  move  more  rapidly  than  others,  there  will  be 
small  delays  at  every  lock  or  flight  of  locks,  and  the  aggregate  will  be 
of  some  importance. 

The  doubling  of  locks,  which  increases  the  capacity  and  reduces  the 
delays,  has  the  further  advantage  that  if  one  of  the  locks  or  flights  is 
disabled  traffic  can  be  continued  through  the  other,  and  a  total  stop- 
page of  traffic  averted.  The  double  system  has  l)een  adopted  where 
two  or  more  lifts  are  combined,  because  the  anticipated  traffic 
requires  it.  Careful  consideration  has  been  given  to  the  question  of 
doubling  locks  at  single  lifts  (where  a  single  lock  will  pass  the  antici- 
pated traffic),  in  order  to  lessen  the  danger  qf  a  stoppage  of  navigation 
by  the  disabling  of  a  lock;  but  it  is  believed  that  the  danger  of  such 
a  contingenc}^  is  not  great  enough  to  justify  the  large  increase  in  cost. 

DIMENSIONS   OF   DUPLICATE   L(^CKS. 

Where  the  locks  of  the  21-foot  waterway  are  to  be  doubled,  tlie 
secona  lock  is  designed  to  be  of  the  same  width  as  the  first,  viz,  GO 
feet.  For  the  30-foot  waterway  the  width  of  80  feet  was  fixed,  as 
already  stated,  to  permit  the  passage  of  war  ships  and  to  facilitate  the 
building  of  large  ships  for  ocean  traffic  at  shipyards  (ui  the  lakes, 
A  lock  70  feet  wide  would  pass  the  largest  existing  commercial  ship, 
and  a  width  of  GO  feet  would  probably  be  sufficient  for  nearly  all  the 
ships  which  would  use  tlu'  waterway.  The  width  of  00  feet  was  there- 
fore fixed  for  the  second  line  of  locks  in  tlie  3' '-foot  waterway. 
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With  this  project  executed,  ships  of  the  largest  class  could  only  be 
passed  in  the  large  locks.  If  such  a  ship  were  going  in  the  direction 
of  the  traffic  through  those  locks  no  difficulty  would  occur;  if  going 
ill  the  opposite  direction  it  would  interfere  with  traffic  to  some  extent. 
Where  two  lifts  only  are  coinliiiied  into  one  system  the  interference 
would  be  slight  and  unimportant,  but  where  more  than  two  lifts  are 
combined,  notablj^  in  the  case  of  the  six  combined  locks  of  the  Lewis- 
ton  flight,  it  would  l)e  necessary  practicall}'  to  fill  (or  to  empty  accord- 
ing to  direction  of  ship's  movement)  all  the  locks  in  the  flight  before 
the  ship  could  enter  the  second  lock,  and  the  delay  to  the  ship  would 
be  considerable. 

All  ships  waiting  to  pass  the  chain  in  regular  order  Avould  also  be 
delayed.  If  the  proportion  of  ships  exceeding  60  feet  in  breadth 
should  be  large,  and  if  the  traffic  through  the  waterway  were  great, 
the  delays  would  affect  the  usefulness  of  the  waterway  to  a  serious 
extent.  The  proposed  width  of  GO  feet  for  the  duplicate  locks  would 
then  prove  insufficient,  and  a  widtli  of  05  feet  or  more  would  be 
required.  The  cost  of  increasing  the  width  5  feet  would  be  about 
$430,700  for  the  entire  waterway. 

LIFTS   OF   LOCKS. 

Ill  a  few  localities  the  topograph j-  favors  larger  lifts  than  have  been 
adoj^ted  heretofore.  In  all  these  localities  solid-rock  foundations  are 
available,  and  will  carry  safely  any  load  that  the  largest  lifts  Avould 
impose  on  them.     Other  points,  however,  required  examination. 

The  first  point  was  whether  gates  could  be  designed  to  safely  stand 
the  extreme  heads  which  would  result  from  the  project  investigated 
by  the  Board.  The  Lewiston  flight,  for  example,  with  lifts  of  40  feet, 
would  subject  the  intermediate  gates  in  the  30-foot  waterwa.y  to  heads 
in  some  cases  as  great  as  77  feet.  The  study  of  this  subject,  given  in 
detail  in  Appendix  No.  2,  showed  that  gates  to  sustain  this  head  are 
entirely  practicable. 

The  next  point  was  in  regard  to  the  relative  usefulness  for  naviga- 
tion of  low  and  high  lifts.'  With  low  lifts  the  interval  between  ships 
would  be  less  and  the  maximum  capacity-  of  the  waterway-  would  be 
greater.  This  maj*  be  illusti-ated  by  reference  to  the  Lewiston  flight. 
If  the  lifts  were  20  feet  each,  the  minimum  interval  between  two  ships 
in  the  21-foot  w^aterwaj^  would  be  as  follows: 

Minutes. 

For  movement  of  ship  from  tie-up  place  into  lotk 9.3 

Closing  lower  gates 2.0 

Filling  lower  lock 4.1 

Opening  st^cond  gates 2.0 

Moving  ship  into  second  lock 6. 7 

Closing  second  gates 2. 0 

Emptying  lower  lock 5.1 

Opening  lower  gates 2.0 

Interval  - 33. 2 
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With  this  interval  between  ships  the  nmiilKT  of  shii)S  in  a  navij;.i- 
tion  year  of  237  days  would  be  10,280  in  each  flight,  and  the  net  regis- 
tered tonnage,  at  2,500  tons  per  ship,  25,700,000.  Comparing  this 
with  the  corresponding  estimate  for  40-foot  lifts  (see  p.  13'.t),  the 
reduction  in  capacity  resulting  fi-om  douliling  tlie  lift  ai)pears  to  be 
about  10  per  cent.  If  the  waterway  should  become  ci-owded,  tlie 
delays  to  individual  ships  while  awaiting  lockage  would  be  a  little 
greater  with  higli  lifts  tlian  with  low  oiies,  l)ecaus('  the  traftic  limit 
would  be  reached  sooner;  but  unless  the  traflic  exceeds  i)resent  esti- 
mates the  delay  in  either  ease  would  be  inconsiderable. 

A  more  important  feature  is  the  delay  that  would  result  to  every 
ship  if  the  projected  lifts  were  reduced.  Again  using  tlie  Lewiston 
flight  for  comparison,  the  estimated  minimum  time  required  to  pass 
the  6  locks  of  40  feet  each  in  the  21-foot  channel  is  108  minutes.  If 
the  lifts  were  20  feet  each,  12  locks  would  be  required,  and  the  mini- 
mnm  time  for  passing  them  would  be  186  minutes,  giving  a  greater 
delay  in  the  low-lift  system  of  78  minutes,  to  which  every  ship  would 
be  subjected  at  this  single  locality.  This  is  the  minimum  possible,  and 
will  be  exceeded,  because  the  unforeseen  delays  in  passing  through  12 
locks  are  greater  than  in  passing  through  6. 

A  third  point  aflfecting  the  lift  of  locks  is  the  cost  of  the  project. 
No  general  rule  can  l)e  laid  down  and  each  case  must  be  studied  by 
itself.  No  estimate  has  been  made  of  the  cost  of  the  Lewiston  flight 
with  20-foot  lifts,  but  comparative  estimates  with  lifts  of  30  and  -to  feet 
show  that  the  system  with  30-foot  lifts  w(nild  cost  *4,(j00,(K»(>  more 
than  with  40-foot  lifts,  and  a  similar  fui-thei-  increase  may  be  exjiected 
if  the  lifts  were  reduced  to  20  feet. 

From  these  considerations  there  appears  no  doubt  that  the  high 
lifts  adopted  are  in  every  way  feasible,  cheaper  to  Qonstruct,  and  bet- 
ter adapted  to  the  use  of  navigation  than  those  heretofore  in  com- 
mon use. 

GENERAL    DESCRIPTION"    oK    LOCKS. 

Under  this  head  it  may  l)e  well  flrst  to  ivpeat  the  lateral  dimemsions 
already  given. 

For  the  21-foot  waterway:  All  locks  to  be  000  feet  long  between 
quoins  of  lock  gates  and  00  feet  wide. 

Foi"  the  30- foot  waterway:  Single  locks  to  he  740  feet  long  between 
quoins  of  lock  gates  and  80  feet  wide.  Where  two  or  more  lifts  ai"e 
combined  into  a  flight,  two  lines  of  locks  are  provided.  The  locks  in 
one  line  have  the  sam«*  dimensions  as  single  locks;  in  the  other  line 
the  length  remains  the  same,  but  the  width  is  reduced  to  00  feet.  All 
single  locks  and  combined  locks,  not  exceeding  two  lifts  in  .series,  ai-e 
provided  with  intermediate  gates  dividing  the  chamber  into  two 
unequal  parts,  so  that  the  entire  lock  or  a  part  thereof  can  be  used. 

In  botli  the  21-f(K)t  and  the  30-foot  waterva\s  guard  irates  ai-e  placed 
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at  the  head  and  foot  of  each  single  lock  and  at  the  head  and  foot  of 
each  flight,  so  that  any  lock  can  be  quickly  prepared  for  pumping  out 
or  draining.  This  j)rovision  is  made  in  all  the  locks  at  Sault  Ste. 
Marie  and  has  proved  valuable. 

The  lock  walls  are  designed  to  resist  overturning  by  gravity  alone, 
except  at  the  gate  recesses  of  the  middle  wall  separating  the  double 
fliglit  on  the  Lasalle-Lewiston  line.  At  these  places  if  one  of  the  locks 
is  pumped  out  while  the  opposite  one  is  in  operation,  a  contingency 
very  likely  to  arise,  the  thickness  adopted  is  not  quite  sufficient  to 
wholly  prevent  tension  in  the  mason i-y.  Three  alternatives  were  con- 
sidered to  meet  this:  First,  to  introduce  enough  steel  members  in 
the  base  of  the  wall  to  take  the  tension.  The  cost  of  this  would  be 
$103,200  for  the  entire  line.  Second,  to  increase  the  thickness  for  a 
length  of  120  feet  at  the  gates.  This  would  make  tlie  cliambers  of  the 
locks  several  feet  wider  than  the  entrances  to  them.  Tlie  inci-eased 
width  would  not  facilitate  the  passage  of  ships  in  any  respect,  but,  on 
the  contrary,  would  delay  them  by  reason  of  the  greater  time  required 
for  filling  and  emptying  locks.  This  alternative  was  tliei'efoi-e  re- 
jected. Third,  to  increase  the  thickness  of  the  middle  wall  for  its 
whole  length,  the  thickness  at  the  gates  recesses  being  the  .same  as  in 
the  preceding  alternative,  making  it  a  gravity  section,  but  with  a  large 
surplus  over  theoretical  requirements  everywhere  excei^t  at  the  gates. 
The  cost  of  the  additional  thickness  would  be  about  6542,400  for  the 
entire  line.  It  would  exceed  the  cost  of  the  first  alternative  by 
$379,200.     The  first  alternative  was  therefore  adopted. 

All  lock  floors  are  in  the  form  of  inverts.  At  the  head  and  foot  of 
each  lock  the  thickness  of  the  invert  is  sufficient  to  withstand  tlie 
maximum  dift'erence  in  head  at  the  gates.  In  the  interior  of  the  cham- 
ber the  thickness  is  reduced,  the  amount  of  reduction  depending  on 
the  character  of  the  rock  foundation.  The  strength  of  the  inverts  as 
shown  on  the  plans  is  doubtless  excessive  where  rock  is  sound,  l)ut 
without  further  information  by  means  of  borings  with  the  diamond 
drill  or  actual  examination  of  the  excavated  lock  pits  it  is  not  prudent 
to  make  a  close  estimate  in  this  resi)ect.  An  additional  reason  for 
this  liberal  provision  is  found  in  the  fact  that  lock  excavation  and 
construction  is  work  of  an  extremely  hazardous  nature  with  large 
contingencies,  and  if  economies  may  be  effected  in  some  localities  in 
the  extent  and  cost  of  inverts  they  are  likely  to  be  balanced  by  unex- 
pected difficulties  and  expenses  in  other  localities. 

CULVERTS   FOR   FILLING   AND   EMPTYING  LOCKS. 

For  filling  and  emptying  the  locks  a  culvert  87  square  feet  in  cross 
section  is  placed  in  each  wall,  extending  its  whole  length.  Each  cul- 
vert communicates  with  the  chamber  through  a  large  number  of  small 
branches,  each  9  square  feet  in  cross  section.  The  combined  area  of 
the  cross  sections  of  the  branches  is  about  double  the  cross  section  of 
the  culverts,  this  excess  being  provided  in  order  to  reduce  the  force 
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of  the  currents  into  the  lock.  The  spacing  between  the  branches 
becomes  less  toward  the  foot  of  the  lock,  because  the  amount  of  water 
issuinja:  from  each  in  tilling  diminishes  from  the  head  toward  the  foot, 
and  it  is  desirable  to  make  the  amount  of  discharge  from  the  culverts 
as  nearly  uniform  as  practicable  per  unit  of  length. 

The  culverts  are  of  the  same  dimensions  for  locks  of  all  sizes.  It 
may  be  asked  why  larger  culverts  were  not  used  for  the  larger  locks. 
The  spee<l  of  tilling,  wlien  the  culverts  are  properly  <b^signed,  is  not 
limited  by  the  behavior  of  ships  in  the  locks,  but  by  the  etTect  of  the 
current  caused  in  the  immediate  vicinity.  This  effect  is  practically 
independent  of  the  area  of  the  locks.  The  culverts  adopted  are  be- 
lieved to  be  as  large  as  it  is  prudent  to  make  them.  If  the  principle 
f)f  dimensioning  the  culverts  according  to  the  currents  induced  in  the 
waterway  were  carried  out  rigidly  it  would  lead  to  a  reduction  of  size 
of  culvert  with  increase  in  lift  of  lock;  butthis  would  greatly  increase 
the  time  required  for  filling  or  emptying  high-lift  locks.  The  difficulty 
can  be  met  by  opening  the  culverts  only  partially  until  the  first  and 
strongest  rush  of  water  is  past. 

The  culverts  at  the  inlets  and  for  some  distance  inward  are  to  be 
lined  with  granite;  the  remainder,  and  greater  part,  of  the  length  of 
the  main  culverts  is  to  be  lined  with  hard  brick,  equal  in  quality  to 
the  best  paving  brick.  This  is  in  conformity  with  the  practice  at  the 
Manchester  Canal.  The  branches  from  the  culverts  to  the  lock  cliam- 
Ijers  are  to  be  lined  with  cast  iron.  These  branches  are  of  smaller 
dimensions  than  usual  in  foreign  practice.  It  will  be  noted  that  in 
height  and  direction  they  are  designed  to  discharge  under  the  hull  of 
a  ship  lying  in  the  lock,  not  against  it.  In  the  locks  of  greatest  lift  it 
may  possiT)ly  be  necessary  to  line  the  culverts  with  cast  iron.  The 
upper  lock  of  the  Lewiston  flight  will  be  filled,  and  the  lower  emptied 
with  a  maximum  head  of  40  feet,  while  in  the  intermediate  locks  the 
maximum  head  will  be  80  feet.  The  current  due  to  a  head  of  80  feet 
will  have  twice  the  velocity  and  four  times  the  destructive  eifect  of  one 
due  to  20-foot  head.  A  continuous  culvert  lining  of  1^  inches  of  cast 
iron,  with  50  percent  added  for  flanges  and  stiffening  ribs,  would  weigh 
about  3,000,000  pounds  per  lock,  and  would  add  about  $l»0,tX)0  to  its 
cost.  For  the  six  locks  of  the  Lewiston  flight  and  the  two  combined 
locks  of  40  feet  each  near  the  foot  of  the  Lasalle-Lewiston  route  the 
additional  cost  would  be  about  !5<1, 440,000. 

The  inlets  and  outlets  of  the  culverts  are  designed  to  impede  the  flow 
of  water  as  little  as  ])racticable.  The  water  for  filling  a  single  lock,  or 
the  upper  lock  of  a  flight,  is  received  immediately  above  the  gate  and 
discharged  along  the  chamber,  the  average  movement  of  water  from 
the  pool  above  the  gates  to  the  chamber  IxMug  abtiut  half  the  length 
of  the  hx'k.  The  water  travels  about  the  same  distance  in  the  culvert 
in  emptying  a  single  lock  or  the  lower  lock  of  a  flight. 

In  these  cases  a  eoefii''i'''>t  of  ().7."»  i<  Mpnlicd  t.i  ih.>  tli.'orotical 
II.  Doc.  149 10 
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velocity  in  calculating  time  required  for  filling  or  emptying  a  lock. 
This  is  considerably^  larger  than  that  deduced  from  observations  on 
the  locks  of  the  St.  Marys  Falls  Canal,  where  the  design  of  tlie  cul- 
verts is  such  that  the  loss  of  head  is  very  great.  It  is  somewhat  less 
than  that  observed  by  General  Abbot  at  the  Manchester  Canal,  wliere 
the  culverts  are  carefully  designed  to  avoid  loss  of  head.  For  the  fill- 
ing and  emptying  of  intermediate  locks  in  a  fiight  the  average  travel 
of  water  in  the  culverts  is  a  full  lock  length;  the  coefficient  of  velocity 
should  therefore  be  smaller  and  is  taken  at  0.66. 

The  valves  or  gates  for  opening  and  closing  the  culverts  are  to  be 
placed  in  the  main  culverts  near  the  lock  gates.  They  are  designed 
to  be  of  the  form  known  as  Stoney  sluices,  counterbalanced,  and 
moving  on  live  rollers  to  reduce  friction. 

CHARACTER   OF   MASONRY. 

All  the  masonry  of  the  locks  except  the  culvert  linings  already  men- 
tioned, the  hollow  quoins,  and  the  upper  portions  of  the  miter  sill  Avails 
is  to  be  of  concrete.  A  thickness  of  about  2  feet  in  the  face  of  the 
lock  walls  and  all  the  concrete  in  the  miter  sills,  head  wall,  and  invert 
are  designed  to  be  of  concrete  containing  mortar  of  one  packed  volume 
of  Portland  cement  to  two  packed  volumes  of  sand,  with  as  much 
stone  as  practicable.  A  cheaper  concrete,  containing  1 :  3  mortar  with 
Portland  cement,  will  suffice  for  the  body  of  the  main  walls,  and  a  still 
cheajjer  mixture,  made  with  natural  cement,  is  intended  for  a  small 
portion  of  the  middle  wall  between  duplicate  locks,  where  weight  only 
is  needed. 

LOCK   GATES. 

The  lock  gates  are  designed  to  be  of  steel.  Excepting  the  interme- 
diate gates  of  the  4()-foot  lifts  on  the  Niagara  Canal  lines,  there  is  no 
air  chamber,  the  skin  being  on  the  upstream  side  only  and  the  gate 
hangings  having  ample  strength  to  sustain  the  entire  weight.  In  the 
excepted  cases  a  small  air  chamber  is  provided  near  the  bottom  of 
the  gate.  The  design  of  tlie  gates  and  tlie  theory'  of  strains  in  them 
have  received,  it  is  believed,  more  careful,  extended,  and  practical 
studA^than  heretofore  given  to  the  subject.  (See  Appendix  Xo.  2.) 
Miter  gates,  single-leaf  swinging  gates,  and  single-leaf  rolling  or  sliding 
gates  were  designed  and  compared,  resulting  in  the  selection  of  the 
standard  miter  gates.  The  design  adopted  is  of  simple  outline,  with 
cheap  shop  details  and  of  ample  strength. 

OPERATING  MACHINERY. 

It  has  not  seemed  necessary  to  take  up  the  subject  of  operating 
machinery  in  detail.  It  appears  probable  that  electrical  niachinery 
will  be  found  most  suitable,  but  the  development  in  this  line  is  so 
rapid  that  anj^  design  made  now  would  almost  certainly  be  out  of 
date  in  less  than  five  years.  It  has  therefore  seemed  more  judicious 
to  merely  include  in  the  estimate  a  lumi)  sum  sufficient  to  provide 
hydraulic  or  pneumatic  machinerj-  of  ordinarj^  character. 
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ESTIMATE   OF  COST. 


The  details  of  the  estimate  of  cost  of  a  standard  lock  of  20  feet  lift 
and  of  the  upper  flight  at  Lewiston,  for  both  depths  of  channel, 
are  given  in  the  following  tables.  Excavation  and  back  filling  are 
not  included,  but  are  provided  for  in  the  general  estimates  for  the 
waterway. 

Table  No.  1. — Cost  of  standard  single  lock  of  20  feet  lift  with  intermediate  gates. 

[Thirty-foot  channel.] 


Quantity. 


Cost 
oni 


r 


Total. 


Portland-cement  concrete.. cubic  yards. 

Granite  miter  sills do... 

Granite  hollow  quoins  and  culvert  linings do... 

Brick do... 

Structural  ^steel pounds. 

Steel  castings do... 

Steel  forgings do... 

Bronze  bushings - do... 

Iron  anchor  IxAts do  .. 

Iron  port  castings do... 

Cast  iron  pipe do... 

Timber.oak 1,000  feet  B.  M. 


134,007 

585 

933 

1,417 

2,309,000 

83,200 

12,  \m 

3,900 

98,o«0 

U2, 000 

17,415 

60.214 


$6.00 

45.00 

55.00 

12.00 

.05 

.06 

.10 

.40 

.03 

.025 

.014 

50.00 


Total  cost. 


$804,042 

2«,325 

51,315 

17.004 

110,4.10 

4,992 

1,210 

1,.')«0 

2,«J7 

8,5.tO 

244 

3,010 


1,031.659 


Table  No.  2. — Cost  of  a  standard  single  lock  of  20  feet  lift. 
[Twenty-one-foot  channel.] 


Cost  per , 
unit. 


Total. 


Portland-cement  concrete - cubic  yards. 

Granite  miter  sills do... 

Granite  hollow  quoins  and  culvert  linings do... 

Brick do... 

Structural  steel pounds. 

Steel  castings do... 

Steel  forgings do... 

Bronze  bushmgs do... 

Iron  anchor  bolts do... 

Iron  port  castings do... 

Ca.st-iron  pipe do... 

Timber,  oak 1,000  feet  B.  M. 

Total  cost 


83,200 

347 

614 

1,215 

946.000 

6:^.200 

9.200 

2,800 

(i3. 040 

273,600 

11,880 

34.776 


$6.00 

45.00 

55.00 

12.00 

.05 

.06 

.10 

.40 

.03 

.025 

.014 

50.00 


$499,200 

15, 615 

33,770 

14,580 

47,300 

3, 7l»2 

920 

1,120 

1.891 

6,840 

l,r39 


626.933 


Table  No.  3. — Cost  of  Leunston  flight  of  6  locks,  lifts  40  feet  each. 
[Thirty-foot  channel.] 


Quantity. 


Co6t  per 
unit. 


Total. 


Portland  cement  concrete cubic  yards. 

Natural  cement  concrete do... 

Granite  miter  stills do... 

Granite  hollow  quoins  and  culvert  linings do... 

Brick do... 

Structural  steel jwunds. 

Steel  ca.stings do... 

Steel  forgings do... 

Bronze  bushings  do... 

Steel  in  middle  wall do  ... 

Iron  anchor  IkiUs do... 

Iron  port  castings do... 

Cast  inm  pii>o do... 

Cast  iron  m  stairs do... 

TimlxT,  oak >B.  M. 

Total  cost 


>  1,000  feet. 


654.819 

145,567 

2,789 

8,707 

1.i,»85 

488.100 

648,660 

45,000 

15.000 

«eo,ooo 

397.600 
18.5.000 
243.895 
173,800 
108,144 


$6.00 

3.  a) 

45.00 

55.00 

12.00 

.05 

.06 

.10 

.40 

.08 

.08 

.025 

.014 

.08 

60.00 


$9,928,914 

436.701 

135,  .i05 

478,885 

191,830 

634.406 

318,930 

4,500 

6.IKIO 

122, 4«) 

11,928 

104.625 

31,415 

5.184 

6,407 

13,396,609 
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Table  No.  4. — Cost  of  Lewiston  flight  of  G  locks,  lifts  40  feet  each. 
[Twenty-one  foot  channel.] 


Quantity. 


Cost  per       rp  .   J 
unit.  ^°'^*'- 


Portland  cement  concrete cubic  yards. 

Natural  cement  concrete do... 

Granite  miter  sills do... 

Granite  hollow  quoins  and  culvert  linings do... 

Brick do... 

Structural  steel - pounds . 

Steel  castings : do.. 

Steel  forgingfs do... 

Bronze  bushings do... 

Iron  anchor  bolts do... 

Iron  port  castings do... 

Cast  iron  pipe do.. 

Cast  iron  in  stairs ..-do... 

Timber,  oak iB.M. 

Total  cost -. 


1,079, 
93, 


12, 

8.686, 

2, 754. 

45, 

14, 

3«4. 

3,364, 

i,«e, 

172, 
153. 


$6.00 

3.(X) 

45.00 

55.00 

12.00 

.05 

.06 

.10 

.40 

.03 

.025 

.014 

.03 

50.00 


,477,480 

28l.lii{ 

Klo.Otill 

451).  til.") 

147.2:.'8 

4;j4.:i()J 

165, 276 

4,  .500 

5, 840 

10, 9H 

84. 105 

36,629 

5,184 

7,700 


8,306,614 


1 1,000  feet. 

Respectfully  submitted. 

Alfred  Noble. 
The  Board  of  Engineers  on  Deep  Waterways. 
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LOCK  GATES. 


Detroit,  Mich.,  June  1,  1900. 

Gentlemen:  I  submit  the  following  report  upon  the  work  done  in 
making  designs  and  estimates  of  the  gates  to  be  used  in  the  locks  of 
the  various  deep  waterway  routes  investigated  by  the  Board : 

As  a  preparation  for  the  design  of  the  gates,  the  plans  of  many 
existing  large  locks  were  carefully  studied  and  tlie  literature  upon 
the  subject,  both  in  English  and  in  foreign  languages,  was  made  the 
subject  of  an  extended  research.  A  list  of  the  authorities  consulted 
upon  the  subject  of  mitering  gates  is  given  at  the  end  of  this  report, 
with  a  brief  note  in  regard  to  each.  It  is  believed  that  the  list  is 
quite  complete,  covering  nearly  all  that  has  been  written  upon  the 
subject. 

An  investigation  was  made  to  determine  whether  some  one  of  the 
numerous  forms  of  single-leaf  gate  or  the  mitering  gate  is  the  more 
desirable  type  for  the  work  in  hand.  The  result  was  the  adoption  of 
the  mitering  gate  as  a  basis  of  the  designs  and  estimates. 

A  study  was  then  made  of  the  relative  merits  of  the  horizontal  and 
vertical  systems  of  framing  for  mitering  gates,  resulting  in  the  adop- 
tion of  the  horizontal  system. 

Steel  mitering  gates  of  the  horizontally  framed  type  having  been 
decided  upon,  a  lengthy  investigation  was  made  to  determine  the  rise 
of  sill  and  the  form,  whether  girder  or  arch,  of  horizontal  frame  which 
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will  g'lxo  the  iH'st  results  whon  economy  of  const  ruction  and  faeility 
of  operation  are  considered.  'Plie  ([uestion  of  tlie  relative  economy 
of  the  arch  and  jfirder  form  of  horizontal  frame  has  l>een  a  mooted 
one  for  a  long  time.  The  result  of  the  investigation  was  the  adoption 
of  a  ri.se  of  sill  of  one-fifth  the  width  of  th<'  lock  for  all  cases,  and  the 
a<loption  of  a  horizontal  frame  straight  on  the  downstream  side  and 
curved  on  the  upstream  side,  with  depths  varying  for  different  widths 
of  lock. 

This  is  the  so-called  girder  type.  It  was  found  that  it  presents 
advantages  of  greater  stiffness  and  requires  a  shallower  recess  in  the 
side  wall  than  the  arch  form,  and  that,  considering  the  state  of  the 
labor  and  steel  markets  at  the  i)resent  time  and  during  the  last 
decade,  it  is  actually  cheaper. 

The  detailed  design  of  the  gates  for  The  tio  and  -no  foot  locks,  :.'l  and 
30  feet  depth  of  water  on  sill  and  lifts  varying  from  10  to  50  feet,  was 
then  proceeded  with.  The  accompanying  general  drawings,  plates 
70,  71,  72,  73,  and  74,  show  typical  designs  for  a  number  of  cases. 
While  only  a  limited  number  of  drawings  are  shown,  it  is  believed 
that  they  give  all  the  important  features  of  the  design. 

For  the  quoin  and  miter  posts,  wooden -bearing  jjieces  were  u.sed  on 
gates  having  the  lighter  pressures,  but  it  was  found  necessary  to  use 
metal  in  some  of  the  gates  for  locks  of  very  high  lifts. 

A  study  was  made  of  the  variation  in  the  position  of  the  center  of 
pressure  at  the  miter  and  its  influence  in  determining  the  most  eco- 
nomical form  of  horizontal  frame.  The  results  of  this  study  are  given 
later. 

The  use  of  air  chambers  and  rollers  to  reduce  the  reaction  upon  the 
anchorage  and  pivot  was  considered  and  rejected  except  in  the  <'ase 
of  gates  weighing  more  than  500,000  pounds  per  leaf,  in  which  case 
the  lower  part  of  the  gate  is  inclosed,  but  rollere  have  not  been  adopted 
even  for  these  extreme  conditions. 

The  method  of  proportioning  the  girders  is  given  in  some  detail  in 
a  subsequent  section  of  this  report. 

Although  the  gates  are  of  the  horizontally-framed  type,  there  must 
necessarily  be  a  few  verticals.  What  the  action  of  these  verticals  is, 
and  what  effect  they  have  upon  the  distribution  of  loads  between  the 
horizontals,  is  a  very  complicated  problem,  and  considerable  time  has 
been  given  to  its  solution  by  sevei-al  diffei-ent  methods. 

For  the  purpose  of  an  estimate,  a  large  number  of  gates  were 
designed  in  detail  and  their  weights  carefully  computed.  The  law  of 
variation  of  weight  of  gates  for  different  widths  and  lifts  of  lock  and 
depth  of  water  on  sill  was  discovered  and  some  general  equations 
giving  tlie  weight  of  gates  for  any  width  of  opening,  deptli  of  water 
on  sill,  and  lift  of  lock  within  limits  were  derived. 

The  foregoing  is  a  brief  statement  of  the  work  done  and  the  results 
obtained. 
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Following  will  be  found,  under  their  proper  heads,  detailed  discus- 
sions of  the  i^oints  mentioned  above. 

CHOICE    OF    TYPE. 

Besides  the  ordinary  double-leaf  mitering  gate,  which  luis  been  used 
so  long  and  so  exclusively  that  it  has  become  the  standard  form,  there 
are  numerous  forms  of  single-leaf  gate.  The  differences  between  these 
various  forms  depend  entirely  upon  the  method  by  which  they  are 
moved  into  and  out  of  place. 

The  sliding  gate  moves  endwise  into  a  recess  in  the  side  wall  of  the 
lock.  The  lifting  gate  moves  vertically  upward,  and  the  plunging 
gate  vertically  downward.  The  single-leaf  swinging  gate  revolves 
about  a  vertical  axis  at  one  of  its  ends,  and  the  quadi-ant  gate  about  a 
vertical  axis  in  the  center  line  of  the  lock  at  a  distance  from  the  gate 
of  the  half  width  of  the  lock.  The  tumble  gate  revolves  about  a  hori- 
zontal axis  at  its  lower  edge.  The  bascule  gate  revolves  about  a  hori- 
zontal axis  at  one  of  its  lower  corners,  operating  like  the  In-idge  of  the 
same  name. 

All  the  above  foi-ms  of  gate  have  been  proposed,  and  most  of  tliem 
have  been  used. 

All  forms  of  single-leaf  gates  possess  in  common  the  advantage  of 
allowing  a  somewhat  clearer  and  more  definite  analysis  to  be  made 
of  their  stresses  than  does  the  mitering  gate,  and  also  the  advantage 
of  allowing  simpler  operating  machinery. 

For  the  work  in  hand  the  lifting  gate  could  not  l)e  used  oji  account 
of  the  masted  vessels  which  Avill  use  the  locks. 

The  plunging  gate  is  practically  untried  and  presents  serious  dif- 
ficulties in  the  problem  of  keeping  clean  the  pit  into  which  it  descends, 
and  in  most  cases  the  masonry  would  cost  more  than  for  mitering 
gates.  A  roller  bearing  similar  to  that  used  in  the  Stoney  sluice 
gate  is  usually  introduced,  which  gives  the  gate  the  advantage  of 
being  moved  rapidly  and  operated  under  much  greater  head  of  water 
than  the  mitering  gate. 

The  sliding  gate  has  been  used  in  numerous  cases  in  Europe  and 
presents  many  advantages,  chief  of  which  is  its  ease  of  movement,  as 
it  is  pulled  endwise,  thus  offering  less  resistance  to  the  water  than  it 
would  if  moved  in  any  other  direction.  In  a  tidal  lock  it  is  especiallj^ 
adai)table,  since  it  will  withstand  a  pressure  from  either  side.  The 
gate  may  move  on  trucks  or  rollers  on  its  bottom,  or  it  may  be  sus- 
pended from  above  and  run  upon  a  fixed  or  a  swing  bridge. 

The  single-leaf  swinging  gate  possesses  the  merit  of  reliability  and 
of  easih'  analyzed  stresses,  but  is  not  economical,  is  slow  of  move- 
ment, requires  much  more  power  to  operate  it,  and  when  used  for  a 
lower  gate  it  reduces  greatly  the  effective  length  of  the  lock. 

The  tumble  gate  has  the  advantage  of  easily  analj^zed  stresses, 
simDle  masonry,  and  for  low  lifts  it  is  quickly  moved  and  is  eco- 
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nomical  of  masonry,  but  it  r('([uin»s  a  pit  in  the  bottom  of  the  lock 
which  is  not  easily  cleaned.  It  is  more  partieulaily  adapted  for 
upper  gates  in  the  ease  of  high-lift  locks.  When  use<l  as  a  lower 
gate  it  decreases  too  much  the  effective  length  of  the  lock.  It  has 
been  used  abroa<l  and  upon  the  Ki-ie  Canal  in  this  country. 

The  advantages  claimed  for  the  (puidi-ant  gate  are  that  it  is  quick 
of  operation,  and  gives  a  maximum  effective  length  of  lock  with 
minimum  cost  of  masonry.  On  the  other  hand,  it  is  as  yet  untried, 
and,  considered  with  respect  to  its  stresses,  it  is  unscientilic,  since  its 
reactions  on  the  side  walls  are  in  a  direction  to  increase  the  bending 
movement  upon  the  horizontal  girders,  and,  unlike  all  other  forms  of 
single-leaf  gate,  its  reaction  has  a  component  normal  to  the  side  wall. 

The  bascule  gate  has  been  hardly  more  than  suggested.  It  has  no 
apparent  advantages  over  the  other  forms  of  gate. 

Designs  and  careful  estimates  were  made  of  a  single-leaf  swinging 
gate,  a  single-leaf  sliding  gate,  and  a  mitering  gate,  all  for  the  same 
location,  and  it  was  found  that  they  did  not  differ  materially  in  weight. 

The  form  of  gate  which  would  actually  cost  least  will  not  be  the 
same  in  different  cases,  but  will  vary  with  the  width  and  depth  of 
opeinng  and  lift  of  lock  and  with  local  conditions,  but  the  difference 
of  cost  between  any  two  of  these  forms  of  gate  will  not  be  great. 

Speed  of  operation,  reliability,  and  immunity  from  accident  are  more 
important  considerations  than  first  cost. 

The  mitering  gate  has  stood  the  most  rigid  test,  the  test  of  time,  and 
is  loractically  the  standard  form  of  gate  foi-  locks.  Its  use  shows  no 
sign  of  abatement,  and,  as  all  the  forms  of  single-leaf  gates  are  more 
or  less  untried  for  large  locks,  it  was  deemed  best  to  make  the  miter- 
ing gate  the  basis  of  estimate  for  the  present  work. 

MATERIAL. 

The  choice  of  material  for  the  gates  lay  between  wood  and  steel. 

Wood  has  been  used  almost  exclusi  velj-  for  small  gates,  and  for  large 
gates  it  has  had  its  full  share  of  favor.  In  this  country,  where  timber 
is  abundant,  it  has  been  used  and  has  given  excellent  satisfaction,  but 
like  the  wooden  l)ridge,  its  use  is  on  llio  dcclin*'.  and  tlio  m()i-<>  roccnt 
large  gates  have  been  built  of  steel. 

In  England,  however,  although  timber  for  gates  has  to  be  inipoiie<l, 
it  is  still  used  (|uite  as  much  as  steel,  even  for  the  largest  gates.  A 
case  in  hand  is  the  Manchester  Ship  Canal,  whicli  has  all  its  gates 
built  .of  gi'een  heart  timber. 

The  advantages  of  timber  for  gates  are  its  lightness  when  sub- 
merged, its  ease  of  repair  in  case  of  accident,  and  in  many  localities 
its  low  first  cost.  On  tlie  othei-  hand,  the  life  of  a  tiinlwrgate  is  com- 
paratively short.  It  begins  usually  to  show  weakness  after  from  ten 
to  fifteen  years,  involving  repairs,  and  re<iuiring  to  be  renewed  after 
from  fifteen  to  twentv  veal's. 
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Steel  for  gates  is  more  in  favor  than  wood  in  this  country,  and  is 
preferred  about  equally  in  England,  while  on  the  Continent  of  Europe 
it  is  used  exclusively. 

When  designed  to  admit  of  inspection  and  painting,  steel  gates  are 
much  more  enduring.  Some  of  the  early  e.\'ain]>les  sliow  little  rust- 
ing after  thirty  years. 

The  chance  of  accident  is  not  Itelieved  to  he  great  enough  to  war- 
rant the  use  of  wood  on  account  of  its  ease  (jf  repair.  In  many  of  the 
proposed  locks  for  the  deep  waterways  the  lift  is  so  great  that  it  would 
be  almost  impossible  to  provide  the  necessary  strength  in  a  wooden 
gate.  For  these  reasons,  and  because  steel  is,  structurally,  a  much 
better  material  than  wood,  steel  gates  have  l>ee)i  designed  for  all  the 
locks.  ^ 

RISE   OF   SILL. 

The  principal  functions  of  the  two  leaves  of  the  mitering  gate  when 
closed  is  to  form  an  arcli,  Avhich  takes  the  water  pressure  and  transfers 
it  to  the  side  walls. 

What  the  rise  of  this  arch  shall  be  is  a  question  of  some  importance. 
The  Aveight  of  the  gate  depends  somewhat  upon  the  rise  of  sill,  but, 
as  will  be  seen  from  the  tables  given  under  the  head  of  "  slia})e  of 
horizontal  frames,"  only  to  a  sliglit  extent.  There  are  more  i7U))or- 
tant  practical  considerations  which  decide  the  question. 

The  less  the  rise  of  sill  the  longer  will  be  the  time  required  lo  open 
and  close  the  gate,  and  the  greater  will  be  tlie  thrust  upon  the  masonry 
and  the  effect  of  any  chanire  in  the  length  of  the  gate  due  to  change 
of  temperature.  On  the  'other  hand,  the  greater  the  rise  of  sill 
the  longer  the  gate  and  consequently  the  shorter  the  effective  length 
of  the  lock,  and  if  the  gate  be  economically  designed  the  deeper  will 
be  the  gate  and  gate  recesses. 

The  choice  of  rise  of  sill,  then,  becomes  a  com^Dromise  between  the 
above  advantages  and  disadvantages.  Inasmuch  as  a  rise  of  one- 
fiftli  the  width  of  lock  seems  to  best  satisfy  the  j)ractical  considera- 
tions and  also  to  require  a  somewhat  lighter  gate  than  any  other,  it 
has  been  used  for  all  the  gates  designed. 

AIR   CHAMBERS. 

If  the  gate  is  not  otherwise  supported  the  pivot  must  carry  the  total 
weight  of  the  gate  less  whatever  flotation  it  may  have,  and,  besides, 
both  pivot  and  upj)er  hinge  sustain  horizontal  reactions  of  consider- 
able magnitude. 

Two  methods  have  been  followed  to  relieve  the  j)ivot  upper  hinge. 

The  first  is  to  place  under  the  gate  a  roller,  which  runs  upon  a  track 
in  the  bottom  of  the  lock  and  carries  part  of  the  weight  of  the  gate. 
This  device  has  been  used  with  timber  gates  quite  extensively,  espe- 

'Franzius.     Der  Wasserban,  p.  113  (Handbuch  der  Baukiinde  Abth  III). 
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cially  in  En;j;laiul,  l)ut  the  custoiii  is  hciii^^  discontinued.  In  order 
that  the  rollers  shall  work  perfectly  the  axis  of  rotation  of  the  j^ate 
must  be  perpendicular  to  the  plane  of  the  roller's  track.  Any  inex- 
actness in  this  plane  or  settlinjif  of  the  track  may  make  the  roller 
useless.     Weai-ing  of  the  roller  bearini;  may  do  the  same. 

The  second  method  of  reducing  the  reactions  at  the  uppei-iiiuge 
pivot  is  to  place  a  water-tight  she.ithing  on  both  sides  of  the  gate, 
forming  an  air  chamber,  which  supports  the  gate  by  buoyancy.  This 
method  is  quite  generally  used.  It  has,  however,  many  serious  dis- 
advantages. As  gates  with  sheathing  on  both  sides  have  usually 
been  built,  their  interiors  have  been  very  difficult  to  inspect,  clean, 
and  paint,  on  account  of  the  too  confined  space  for  etiicient  work  and 
especially  the  difficulty  of  ventilation  while  painting.  The  i-esult  has 
been  that  many  inclosed  gates  have  ])een  left  without  painting  of 
their  interiors  during  their  entire  life,  which  was  materially  shoi-tened 
therebj'. 

The  gates  sheathe<l  on  both  sides  are  more  expensive  because  the 
shop  work  and  assembling  of  parts  is  more  difficult;  there  are  more 
joints  to  calk  and  the  calking  of  joints  must  be  done  with  greater  care, 
and  because  the  extra  sheathing,  especially  when  horizontal  frames 
straight  on  the  downstream  side  ai-e  used,  adds  weight  aii<l  little  or 
no  strength. 

The  pivot  and  u[)per  hingt-  niusi  l»e  made  sii-oiig  enough  lo  sustain 
the  reaction  of  the  gate  when  it  is  swung  in  air  at  times  when  the  lock 
is  puniped  out,  therefore  the  pivot  can  not  be  nmde  much  smaller 
when  double  sheathing  is  used  than  when  it  is  not. 

It  would  seem  that  the  gate  with  a  single  sheathing  is  preferaVile  in 
every  way,  provided  the  pivot  is  not  overstrained  and  its  size  is  not 
impracticable. 

All  the  gates  designed,  with  the  exception  of  a  single  case,  have,  as 
the  drawings  show,  sheathing  on  one  side  only,  leaving  the  intei-ior 
open  and  allowing  of  inspection  and  painting  at  all  times.  This 
results  in  a  very  simple  construction,  which  will  cost  little  more  than 
ordinajy  bridge  woi'k. 

The  single  case  for  which  it  was  thought  necessary  to  provide  addi- 
tional buoyancy  is  that  of  the  gates  between  the  locks  of  the  flights 
in  the  canal  around  XiagaiJi  Falls.  Plate  74  shows  a  typical  gate  for 
this  case.  These  gates  withstand  at  times  a  head  of  water  of  7o  feet, 
and  are  unusually  heavy  in  consequence.  In  these  gates  the  .sheath- 
ing on  the  downstream  side  is  below  the  lower  pool  only,  leaving  all 
the  up[)er  pait  of  the  gat«'  open. 

In  the  chamber  or  hold  thus  formed  a  system  of  manholes  is  pro- 
vided, which  it  is  believed  will  partially  overcome  the  princii)al  disad- 
vantage, except  that  of  greater  first  co.st,  of  the  double-skin  gate. 

Four  manholes  are  provided  in  all  the  horizontal  frames  in  the  air 
chamber.     The  maidioles  iii  the  top  and  bottom  of  the  chamlMM-  have 
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covers,  the  others  are  open.  By  removing  tlie  covers  fonr  shafts  will 
be  formed,  in  Avhich  it  is  expected  a  draft  will  be  established,  tlius 
ventilating  the  interior  and  from  which  all  parts  of  the  chambers  may 
be  reached  for  cleaning  and  painting. 

QUOIN   POST. 

The  function  of  the  qnoin  post  is  fourfold.  It  must  act  as  a  column 
in  carrying  the  weight  of  the  gate;  it  must  act  as  a  girder  transversely 
to  the  gate  and  also  in  the  plane  of  the  lines  of  tlirust  of  the  liori- 
zontal  frames  and  distribute  the  pressure  along  the  ([uoin;  and  withal 
it  must  furnisli  a  satisfactory'  closure  between  the  gate  .and  wall. 

The  post  as  designed  consists  of  a  very  thick  web  plate  with  four 
heav}'  flange  angles.  This  forms  the  vertical  girder  acting  trans- 
versely to  the  gate.  To  the  flanges  of  this  girder  and  lapi)ing  well 
upon  the  horizontal  frames  are  riveted  a  heavy  3(j-inch  plate  on  the 
upstream  side  and  a  42-inch  plate  on  the  downstream  side,  which  dis- 
tribute tlie  thrust  of  the  horizontal  frames. 

It  is  deemed  advisable  to  make  the  hollow  quoin  of  stone  and  the 
bearing  pieces  of  tlie  quoin  posts  of  wood,  except  in  the  heaviest  gates, 
where  metal  is  used.  In  most  of  the  gates  designed  the  thrust  in  the 
qnoin  is  so  great  that  the  required  bearing  area  demanded  by  the 
masonry  is  very  large.  A  large  bearing  can  be  provided  much  more 
cheaply  and  satisfactorily  by  the  use  of  wood  than  by  steel  for  the 
bearing  part  of  the  post. 

Wood  is  easily  shaped.  It  adjusts  itself  to  any  unevenness  or  errors 
of  workmanship  and  is  more  easily  repaired  or  replaced  in  case  of 
accident  or  wear. 

As  the  drawings  show,  the  wood  is  made  cylindrical  on  the  Ijack  to 
a  radius  of  15. 5  inches,  giving  a  projected  width  of  bearing  of  23  inches. 

The  axis  of  rotation  has  1  inch  eccentricity  from  the  center  of 
the  cylinder.  Thus  the  wood  is  relieved  from  bearing  as  soon  as  the 
gate  begins  to  be  opened.  The  eccentricity  being  small,  there  is  very 
little  chance  for  any  foreign  substance  to  lodge  between  the  wood  and 
masonry. 

Some  designers  have  maintained  that  the  bearing  surface  should  be 
flat  instead  of  curved  on  account  of  the  tendency  of  the  curved  bear- 
ing piece  to  split  the  quoin  stones  by  its  action  as  a  wedge.  This  tend- 
ency may  be  entirely  overcome  by  cutting  the  quoin  stones  so  that 
the  reactions  at  their  backs  will  introduce  a  bending  movement  which 
shall  nearly  or  quite  balance  that  due  to  the  thrust  of  the  quoin  post. 
Sucli  a  shape  of  quoin  stones  is  shown  on  plate  68.  Fortunately  this 
is  the  most  natural  shape  to  give  them. 

From  the  consideration  of  the  quoin  post  itself  tlie  cylindrical  form 
has  every  advantage.  Much  greater  width  of  bearing  can  be  provided 
by  its  use  than  with  the  flat  form,  since  the  width  of  a  flat  bearing  is 
limited  by  the  consideration  that  the  center  of  rotation  must  lie  on 
the  upstream  side  of  a  perpendicular  to  the  bearing  plane  erected  at 
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its  upstream  ecljje.  The  principal  ndvuiitage,  however,  of  the  cylin- 
drical bearing  piece  is  the  fact  that  the  line  of  thrust  must  always 
pass  tlirough  the  center  of  curvature,  wliile  with  a  flat  bearing  i)icce 
the  position  of  the  line  of  tlirust  will  always  be  in  doubt,  the  only  sure 
thing  about  it  being  that  it  has  considerable  variation,  reclucing  the 
allowable  average  intensity  of  pressure  upon  the  surface  and  causing 
an  uncertainty  and  variation  of  the  stresses  in  the  horizontal  frames. 

In  cases  where  the   pressure  per  vertical   inch  of  (pioin  does  not 

exceed  9,000  pounds,  it  is  proposed  to  use  wood  in  the  quoin  jxtst.    As 

the  width  of  bearing  is  23  inches,  tli«  greatest  intensity  of  pressure 

'amounts  to  about  400  p()un<ls  per  square  inch  between  the  wood  and 

stone. 

In  some  of  the  gates  designed  the  thrust  at  the  quoin  passes  this 
limit,  as  it  was  not  thought  practicable  to  make  the  timber  bearing 
wider  than  23  inches.  A  metal  quoin  and  metal  bearing  pieces  on  the 
quoin  post  are  used  for  these  heavy  pressures.  This  is  sliown  in  detail 
in  figs.  7,  9,  and  10,  plate  74. 

The  post  itself  is  the  saine  as  before,  except  the  steel-casting  bearing 
pieces. 

This  metal  quoin  is  intended  for  use  on  all  gates  for  the  80-foot 
locks,  which  withstand  a  head  of  water  of  more  than  30  feet,  and  on 
gates  for  OO-foot  locks,  which  withstand  a  head  of  moi-e  tiian  40  feet. 

All  the  castings  are  of  steel.  No  eccentricity  is  used,  as  in  the  case 
of  wooden  bearing  pieces,  the  quoin  and  quoin  jjost  being  in  contact  at 
all  times.  This  eliminates  all  danger  of  foreign  substances  lodging 
between  the  bearing  surfaces. 

It  may  appear  at  firet  sight  that  this  arrangement  will  cause  a  large 
frictional  resistance  in  the  quoin.  These  resistances  will  not  be 
much  greater  without  than  with  eccentricity  in  the  quoin,  since  the 
horizontal  thrust,  due  to  the  weight  of  the  gate,  must  be  taken  care 
of  either  in  the  quoin  itself  or  concentrated  upon  a  bearing  at  the 
bottom  of  the  gate.  The  lever  arm  of  the  frictional  resistance  of  this 
bearing  for  the  very  heavj'  gates  could  not  be  made  much  shorter 
than  the  radius  of  the  quoin,  and,  as  friction  is  independent  of  area, 
little  would  be  gained  and  much  lost  by  providing  an  eccentric 
l^earing. 

The  only  gain  would  lu'  the  slight  reduction  of  the  horizontal  thrust 
of  the  gate  while  turning,  on  account  of  the  slightly  lower  i)osition  of 
its  center  of  resistance  and  the  fact  that  the  snmller  bearing  would 
keep  cleaner  and  have  a  somewhat  lower  coefficient  of  friction. 
However,  even  assuming  a  very  high  coefficient  of  friction,  less  than 
one-half  hoi-sepower  will  be  required  to  do  the  work  of  overcoming 
friction  in  tlic  heaviest  gate. 

MITKK    eosT. 

The  Iiuni  iiiii>  i<i  tlu'  inil«*r  po>i  ate  piaelieaily  the  >aii:c  a>  iin»e 
of  the  <iuoin  post,  the  onl}'  difference  Indng  that  it  bears  against 


156  DEEP    WATERWAYS. 

another  similar  post  instead  of  against  a  hollow  quoin  and  does  not 
carry  the  weight  of  the  gate.  As  designed,  it  is  structurally  the  same, 
the  only  difference  being  in  the  shape  of  the  bearing  pieces,  which  are 
of  the  same  material  in  the  quoin  and  miter  jwst  in  all  gates. 

Details  of  the  posts  having  timber  bearing  pieces  are  shown  on  pi, 
70,  and  those  with  steel  bearing  blocks  are  shown  on  plate  74.  The 
drawings  explain  themselves  without  further  description.  Where 
timber  is  shown  it  is  proposed  to  use  white  oak. 

The  practice  in  the  past  has  been  to  use  wood  exclusively  for  the 
meeting  faces  of  the  gate.  In  a  few  of  the  more  modern  gates,  how- 
ever, steel  is  used.  Wood  has  been  preferred  to  steel  because  it 
makes  a  more  water-tight  joint  on  account  of  its  more  yielding  nature. 
This  is  certainly  true  in  cases  where  the  thrust  of  the  gate  is  not  great. 
It  is  probable,  however,  that  if  the  intensity  of  pressure  between  the 
steel  bearing  pieces  be  high  and  the  parts  carefully  made  a  ver3'  good 
joint  will  result.  In  the  present  work  the  use  of  steel  bearing  blocks 
in  some  cases  was  imperative,  since  tlie  thrusts  are  so  great  that  a 
bearing  3  feet  wide  would  be  required  if  timber  were  used. 

Considerable  time  has  been  given  to  the  study  of  the  position  of  the 
center  of  pressure  at  the  meeting  faces,  since  upon  it  depend  quite 
largely  tlie  stresses  in  the  horizontal  frames. 

Tlie  meeting  faces  may  be  made  plane  or  curved.  The  former  is 
the  nu)re  usual  shape  and  is  entirelj'  satisfactory  when  the  thi-usts 
are  moderate  enough  to  allow  of  a  comparatively  narrow  bearing  face 
being  used;  but  when  very  wide  bearing  is  required,  i)lane  meeting 
faces  give  trouble  by  "nipping"  or  meeting  at  their  extreme  edges. 
If  the  faces  of  the  bearing  pieces  are  planes,  the  most  favorable  con- 
dition is  a  uniform  pressure  over  their  entire  surface. 

This  ideal  condition  can  not  be  realized  in  practice,  as  it  can  only 
occur  for  one  definite  length  of  the  gate  leaves,  and  then  only  if  the 
angle  at  which  the  meeting  pieces  are  fitted  is  absolutely  correct. 

Since  the  length  of  the  gate  varies  with  the  temperature  and  the 
stress  to  which  the  structure  is  subjected,  and,  furthermore,  absolute 
exactness  either  in  the  shape  of  the  gate  or  the  fitting  of  the  miter 
pieces  is  impossible,  a  strictly  uniform  pressure  will  never  occur. 

When  gates  are  being  closed  and  the  two  leaves  approach  each  other, 
the  bearing  pieces  will  first  meet  on  their  extreme  upstream  or  down- 
stream edges,  the  faces  making  a  verj'  small  angle  with  each  other. 

As  the  water  pressure  comes  upon  the  gate  the  material  compresses, 
and  from  being  in  contact  at  a  line  along  the  extreme  edge  they  come 
in  contact  along  a  vertical  strip  extending  from  the  edge  of  the  meet- 
ing faces  toward  their  middle,  and  in  most  cases  bringing  their  entire 
surface  into  contact. 

The  position  of  the  center  of  thrust  depends  upon  the  variation  of 
intensity  of  pressure  across  this  face. 

Just  what  is  the  law  of  variation  of  intensity  of  pressure  across  the 
face  of  the  timber  bearing  can  not  be  told,  as  the  wood  will  in  most 
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cases  be  pressed  beyond  its  elastic  limit.     As  close  an  approxiiiiution 
as  can  be  made  is  to  assume  that  distortion  is  pro[K)rtioiial  to  stress. 
In  li^.  1  and  t\*^.  3 

Let  «'=one-half  the  angle  between  the  meeting  faces, 
/=thickness  of  the  timber  bearing, 
Ci=eompression  of  timber  at  its  upper  edge, 
C.,= compression  of  timber  at  its  lower  edge, 
Pi=intensity  of  pressure  on  timber  at  its  upper  edge, 
P2=intensity  of  pressure  on  timber  at  its  lower  edge, 
A = one-half  width  of  bearing  face, 
E2=modulus  of  elasticity  of  timber, 
P=thrust  per  vertical  inch  of  miter, 
Then,  in  fig.  1,  which  represents  the  case  of  contact  over  the  entire 
face, 

n  — i^i^         n Pi^ 

J^2  P^2 


or 

but 

from  which: 

again : 
Eliminating 


Co— C,  =  2  A  tan  01 

2  A  E,  tan  a 

P.-lh= ^ 

P=A  iiH+p,) 


P  ,  A  E2  tan  a       ,      _   P      A E^  tan  a  ,^. 

Center  of  resistance  from  niiddle=e= A  —  "  ^^  y-i  1^1^21^      ,         (o\ 

•^  iPi+lh) 

In  fig.  2,  which  represents  the  case  of  partial  contact: 
Co=(l  tan  a 


P2  = 


_E2  C2_E2^7tana 


But 

By  elimination. 

And, 


/  t 


'2P 


P^—d 


<l=lj- 


Pt 


E2  tan  or 


,/2  PEatanar  ,„■. 

Pi=y J (•>) 

}=A— ;r  =  A— .iVrr-: '"*^) 

o  o    E^  tan  tr 
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Equations  1  and  2  apply  when 

O     A=       lAZH 

-'  ^<  \E2taua 

and  equations  3  and  4  apply  when 


=     /    2P^ 
2  A>>yE2tan«r 

The  same  results  would  be  obtained  in  case  of  fii-st  contact  at  up- 
stream edge. 

The  unknown  factors  in  tliese  equations  are  a  and  E2. 

The  angle  a  may  be  said  to  be  the  result  of  error  in  workmanship 
or  the  result  of  a  change  in  the  length  of  the  gate.     To  determine  a 
we  turn  to  fig.  3. 
Let  qox  represent  a  line  of  length  L  drawn  from  the  hollow  quoins  to 

one  edge  of  the  bearing  piece  in  the  miter  post. 
Let  p    =  angle  oi  q.  v. 
Let  02  represent  the  new  position  of  the  edge  of  the  bearing  piece  after 

change  of  length  of  gate. 
Let  qr-  =  qo-z. 

Let  tf  L=  change  in  length  of  gate. 
Let  a    =  angular  change  in  plane  of  bearing  face  due  to  change  in 

length  of  gate. 
L.et  SiIj=  change  of  length  of  gate  due  to  change  of  temj)erature. 
Let  (52L=  change  in  length  of  gate  due  to  compression  of  steel. 
Let  ^3L=  change  in  length  of  gate  due  to  compression  of  wood. 
Let  K    =  the  angle  between  the  meeting  faces  due  to  error  of  work- 

manshij),  when  the  gates  are  first  adjusted. 
Let  S     =  intensity  of  compression  in  the  steel  horizontal  frames. 
Let  T    =  total  thickness  of  timber  in  quoin  and  miter  post. 
Let  El   =  modulus  of  elasticity  of  steel. 
Let  P    =  thrust  per  A^ertical  inch  of  miter  post. 

Then  in  circular  measure : 

,  (^iL— ^2L— (J3L     ,^ 
L  tan  P 

SL  PT 


6,L  E,  2AE, 

~  =*=  L  tan  A    L  tan  A    L  tan  p^  ^ 

_i..Jik____S PT 

"",    Ltan/J     El  tan//     2AE2L  tan /:f'^^     ...  yn 

In  this  formula  the  first  term  represents  that  part  of  the  angle 
caused  by  change  of  temperature,  the  second  that  caused  by  compres- 
sion of  steel,  the  third  that  caused  by  compression  of  the  wood,  and 
the  fourth  that  caused  by  error  of  workmanship. 
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If  the  gate  be  suppoH«*(l  to  hr  subjected  to  a  range  of  temperature 
of  from  32"  to  112°  F.,  then  th<'  gnvit<\st  chang*'  from  m«*an  temper- 
ature will  be  40°  F.,  and  SJ.  will  <M|ual  .(»00(Km;5x4<>L  =  .(M)()2(;L. 

S=1),C)0{)  pounds  per  s<|Uai-«'  iii(!h  for  ;ill  frames, 
E,  =  290001)00 
A=114  inches 

L=o3t)  inches  in  gate  for  80- foot  lock, 
T=22  inches. 

As  for  K,  let  it  be  supposed  that,,  owing  to  error  of  workmanship, 
the  bearing  blocks  are  set  so  that  when  the  gates  are  closed  they  bear 
on  one  side,  and  the  edges  of  the  other  side  are  separated  by  one- 
eighth  inch.     This  would  be  a  very  noticeable  error. 

Then  tan  K=i  777— TT  =  ±-W)2«)  for  gate  for  80-foot  lock. 
I  • )  X  2  A  ^ 

By  subslil  ulliig  the  conslanls  in  eciualioii  [7)  I  he  \aliie  ot'  iic  is 
obtained  in  terms  of  E^  and  P. 

As  a  is  very  small,  we  may  put  tan  a=a  and  substitute  in  equations 
(1)  and  (2)  or  (.'{)  and  (4),  which  will  give  the  intensity  of  pressure  in 
the  wood  (pi  and  j).,)  and  the  eccentricity  of  pressure  {e)  in  terms  of 
E.^  and  P. 

P  varies  from  nearly  0,  at  the  top  of  the  gate,  to  a  nmximum  not 
greater  than  10,000  pounds  per  vertical  inch  of  miter  post  at  the  bot- 
tom of  the  gate  or  below  the  lower  pool. 

Ej  is  quite  largely  a  function  of  the  condition  of  the  timber  as 
regards  moisture.  It  ranges  from  20,000  to  200,000  for  wliite  oak.  As 
low  values  as  20, (KM)  were  obtained  from  measui'ements  of  the  com- 
pression of  the  timber  in  the  miter  posts  of  the  Poe  Lock  at  Sault  Sainte 
Marie.     These  measurements  gave  no  values  higher  than  40,000. 

The  timl)er  in  these  gates  had  been  in  use  about  three  years  and 
was  well  saturated.  As  high  values  as  200,000  have  Iwen  obtained 
from  laboratory  experiments  upon  well-seasoned  wootl. 

Substituting  these  two  extreme  values  of  E.^  in  connection  wiih 
various  values  of  P  in  the  proper  equations,  either  1  and  2  or  '.i  and  4 
as  determined  by  equations  (5)  and  (0),  the  following  values  e  and^x^ 
are  oV)tained: 

Ea  =  20,000. 


p 

«                                  Pi 

P 

e                                   pt 

1 

1,000 
2.000 

3,000 
4,  QUO 
.5.000 

6.9  inches.    130  ponndH  per  square 

inch. 
4.9  inches.    188  pounds  ]>er  ^luare 

inch. 
3.6  inches.    S J"  pounds  jwr  stiuare 

iiK-h. 
2.8  inches     28:5  jmund-s  per  square 

inch. 
2.3  inches.    ISSi  pounds  per  stiuare 

inch. 

6,000 
7,000 
8.000 
9.000 
10.000 

8.0  inches.   877  pounds  per  square 

inch. 
1.8  inches.   424  pounds  ]>er  square 

inch. 
1.6  inches .   40i'  ^lounds  i>er  square 

inch. 
1.5  inches.   317  pounds  i>er  S4iuare 

1     inch. 
1.4  inches.   M4  pounds  per  s«iuare 

inch. 
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In  the  same  way  for  E^  =200,000: 


p 

i  , 

:                                                      Pi 

'                                                                                                               1 

1,000 
3,000 
6,000 
10,000 

10.3  inches. 
9.2  iuches- 
8.0  inches. 
6. 9  inches. 

400  pounds  per  square  inch. 

702  pounds  i)er  square  inch. 
1,000  pounds  per  square  inch. 
1,300  pounds  per  square  inch.    ] 

The  first  table  in  which  Eg  =  20,000  probably  represents  the  most 
favorable  condition,  so  far  as  e  is  concerned,  that  can  be  expected. 

Under  these  conditions  the  maximum  distance  of  the  center  of 
pressure  from  the  center  of  the  l)earing  piece  is,  as  the  table  shows, 
7  inches  at  the  top  of  the  gate,  gradually  decreasing  to  less  than  2 
inches  below  the  lower  pool. 

It  must  be  remembered  that,  so  far  as  the  steel  horizontal  frames 
are  concerned,  great  variation  of  the  center  of  pressure  in  the  upper 
part  of  the  gate  is  quite  as  objectionable  as  in  the  lower  part,  since, 
althougli  the  intensity  of  pressure  on  the  wood  is  not  so  great,  the 
horizontal  frames,  being  spaced  farther  apart,  liave  as  high  a  stress 
as  those  below. 

The  excessive  values  of  e  in  the  upper  part  of  the  gate  may  be  elimi- 
nated by  making  the  bearing  face  vary  in  width  from  a  minimum  of, 
say,  G  inches  at  the  top  of  the  gate  to  the  full  width  at  the  surface  of 
the  lower  pool.  Fig.  4  shows  the  plan  and  face  elevation  of  such  a 
bearing  piece;  o,  h,  c,  e,  f,  h  represents  a  top  section  and  a,  h,  ih  g  a 
bottom  section. 

Under  less  favorable  conditions  when  the  wood  is  dry,  as  seen  in 
the  second  table,  in  which  E  =  200,000,  the  distance  of  the  center  of 
pressure  from  the  center  of  the  bearing  face  may  vary  from  10.3 
inches  at  the  top  of  a  24-inch  bearing  piece  to  7  inches  at  the  bottom. 

If  the  designer  is  convinced  that  the  bearing  blocks  will  be  thor- 
oughly saturated  at  all  times,  and  if  he  will  proportion  them  so  that 
the  pressure  per  vertical  inch  of  miter,  divided  by  the  width  of  bear- 
ing face  in  inches,  shall  be  about  400,  tlius  giving  to  them  the  shape 
indicated  above,  he  may  use  bearing  blocks  with  plane  meeting  faces 
with  little  fear  that  the  center  of  pressure  will  be  more  than,  say,  a 
tenth  the  width  of  face  from  its  center.  If  he-  is  not  sure  of  this,  he 
must  make  whatever  assumptions  seem  to  him  reasonable. 

No  formula  can  give  exact  values  of  e,  since  the  condition  of  the 
timber  changes  from  time  to  time,  becoming  softer  with  age  and 
saturation,  and  the  foregoing  analysis  is  not  given  for  the  purpose  of 
obtaining  exact  values,  but  to  assist  in  making  more  intelligent 
assumptions. 

The  analysis  is  of  value  in  showing  what  the  shape  of  the  bearing 
pieces  should  be  and  indicating  what  effect  upon  the  strains  in  the 
gate  the  use  of  wood  in  the  quoin  and  miter  post  has. 
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Tlio  (U'diict ion  from  llieabovt'  analysis  is  lliat,  with  a  plane  In-aring 
face  24  inches  wide  there  is  a  wide  ranji;e  (from  0  to  ±  8  or  9  inches) 
of  eccentricity  possible,  dei)en<lin«;  npon  the  condition  of  tlie  woo«l, 
and  that  tiie  nncerlainty  is  so  jjreat  tliat  it  is  very  (U'sirable  to  elim- 
inate it  if  possible  by  the  use  of  another  shape  of  iM'arinji;  block. 

As  the  followin*;  analysis  shows,  by  «;ivinj^  the  Iwarinj;  l)locks  a  cyl- 
intlrical  form  of  laige  radius,  theie  will  l)e  much  j^reater  certainty 
that  the  ranjfe  of  tlie  center  of  pressure  will  !)«•  confine«l  to  narrower 
limits. 

As  before,  the  position  of  the  center  of  pressure  depends  upon 
change  in  the  length  of  the  gate  and  accuracy  of  workmanship. 

In  Fig.  5, 
Let  rfL  =  change  in  length  of  gate. 
Let  q  be  the  back  of  hollow  quoin. 
Let  /^  =  angle  (>i(/<\ 
Let  /•=  radius  of  the  bearing  pieces. 
l>et  Ci  be  the  center  of  the  curve  of  the  face  of  the  l)earing  piece 

before  change  of  length  of  gate. 
Let  Cs  be  the  center  of  the  curve  of  the  fa<5e  of  the  bearing  piece  after 

change  of  length  of  gate. 
Let  w  —  distance  between  hollow  quoins. 
Let  0,  represent  the  point  at  which  the  gates  will  touch  before  change 

of  length.     This  is  suppose<l  to  be  the  middle  of  the  face  of  the 

bearing  block. 
Let  O3  represent  the  point  at  whi<»h  the  gates  will  touch  after  change 

of  length. 
Let  e  =  distance  from  center  of  bearing  block  to  center  of  ])ressure. 
LetL  =  length  of  gate  =  qO\. 

Suppose  that  a  change  of  length  S\,  takes  place  without  revolution 
of  the  gate,  and  Oi  passes  to  a  position  (\.,  and  ('1  passes  to  a  position 
Cj.     Then  C1C2  will  be  parallel  to  g04. 

Suppose,  then,  that  i-evolution  of  the  gate  takes  plac«*  until  the 
gates  meet  at  %, 

Then 

Ji  w  tiHU  fi  —  6\j  sin  fi 


tan  ay 


cos  tXc^ 


^  IV—  /•—  rfL  cos  // 
^  tr  —  r 


Jifvtan  (i-6h  sin  fif  +(it<;  -  r  -  <JL  cos  fif 

e=r  t»,\\  {a^—a.^)^!' tan  K (8) 

dL  ^ -  r\: •< " >''..-.t  r.  -  "'j,^'  - . .  '^**- (y) 
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Ill  which: 

t   =  one-half  extreme  range  of  temperature  in  degrees  Fahrenheit. 

Ei  =  modulus  of  elasticity  of  steel. 

£2  =  modulus  of  elasticity  of  wood  in  quoin  and  miter  post. 

T  =  total  thickness  of  timber  in  quoin  and  miter  post. 

P  =thrust  per  vertical  inch  of  miter  post. 

A  =half  width  of  wood  in  quoin  and  miter  post. 

L  =  length  of  gate. 

s   =  intensity  of  compression  in  horizontal  frames. 

The  first  term  in  the  value  of  Sh  represents  the  cliange  due  to 
change  of  temperature;  the  second,  the  change  due  to  the  compression 
of  the  steel,  and  the  third,  the  change  due  to  the  compression  of  the 
wood. 

It  is  evident  that  (JL  will  be  greatest  when  P  is  greatest  and  Eg  is 
least. 

If  the  range  of  temperature  be  from  32°  to  112°  F.,  then 

/     =40. 

L    =536  in  gate  for  80-foot  lock. 
El  =29,000,000. 
P   =from  0  to  10,000. 
Eg  =from  20,000  to  200,000. 
^w  =  498  inches  in  80-foot  lock. 
J3   =arc  tan  .4. 

K  =  an  angle  produced  by  an  error  of  workmanship  in  making 
one  side  of  the  bearing  piece  thicker  than  the  other. 

Supposing  that  one  side  of  the  bearing  block  be  made  one-sixteenth 
inch  thicker  than  the  other,  K  will  be, 

arc  tan  =0.0026. 

lb  X  24 

Putting  r  =  300  inches  and  substituting  the  above  value  in  the  proper 
equations,  using  E^  =  20,000  and  P  =  10,000,  and  using  all  minus  signs, 
we  get  foi-  a  maximum  e=  —  1.8  inches.  This  is  measured  on  the 
upstream  side  of  the  center  of  the  bearing  block.  The  value  of  e  for 
the  downstream  side,  obtained  by  making  P  small  and  Eg  large  and 
making  all  signs  plus,  is  -1-0.7  inch. 

By  comparing  this  maximum  with  9  or  10  inches,  found  for  bearing 
blocks  with  plane  faces,  it  would  seem  that  without  doubt  the  curved 
bearing  is  the  better  one  to  use. 

As  the  drawings  show,  all  the  bearing  blocks  have  been  made  8  inches 
thick  and  cylindrical  to  a  radius  of  300  inches.  The  practice  of  those 
in  charge  of  locks  bears  out  the  wisdom  of  this.  It  is  their  custom, 
when  the  gates  give  trouble  by  nipping,  to  slightly  round  the  faces  of 
the  bearing  blocks,  which  expedient  has  been  found  to  remove  the 
trouble. 
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To  determine  the  intensity  of  pre.ssun'  upon  tlie  tiinl>er,  let  fig.  6 
represent  a  bearinjii;  piece  conipresstMl  to  any  line,  as/j/. 
Let  .s'  be  any  point  on  the  compressed  surface. 
Let  X  =  its  distance  from  c  O.,. 
Let  ():j  l)e  the  point  of  first  contact. 
Let  P  =  pressure  per  vertical  inch  of  miter  post. 
Let  p  =  intensity  of  pressure  at  .s. 
Let  7-  =  radius  of  face-bearing  piece. 
Let  b  =  the  breadth  of  the  surface  in  contact. 
Let  /    =  thickness  of  bearing  piece  (if  r  is  large,  t  may  l)e  taken  as 

uniform). 
Let  <I  =  amount  of  compression  at  s. 
Let  K.,  =  modulus  of  elasticity  for  wood. 

Then 


(/  =  ^?  -  .r^  -  Vr'  -  i?>^;  also  d  =  ^'^ 


E 


From  which 


i-'rCV'-'-V'-'O 


p  is  a  maximum  at  point  x  =  0 
Then 


(10) 


ir 


By  using  the  maximum  value  of  10,000  pounds  for  P  and  making 
7-  =  ;J00  inches  and  /  =8  inches  it  was  found  from  etiuations  10  and 
11  that  the  maximum  value  of  j:)  for  Ea  = -20,000  is  830  pounds  jxm- 
square  inch,  and  for  Ej  =  200,000  it  is  1,500  pounds  per  square  inch. 

STEEL   BEARING   PIECES. 

Very  much  more  favorable  conditions  as  regards  eccentricity  of 
pressure  prevail  when  steel  bearing  blocks  are  used  in  the  quoin  and 
miter  posts.  Very  little  uncertainty  exists  in  regaitl  to  the  position 
of  the  center  of  pressure,  and  it  is  quite  certain  that  its  variation  will 
be  small. 

The  steel  meeting  faces  are  curved  to  a  ra<1iii>*  <>f  :>(•()  iiwh.'-.  Tlie 
last  term  of  equation  (9)  vanishes,  leaving 

(5L=  L  (>.00(J(KX;5  t  L  -]!' 

K, 
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All  the  factors  of  tliis  equation  are  definite  and  well  known,  and  ^L 
is  small  under  the  worst  conditions  of  change  of  temperature  which 
are  likely  to  exist.  Assuming  the  same  error  of  workmanship  and 
substituting  as  before  in  equations  (8)  and  (9)  we  get  f'j  =  1.2  inches 
and  63  =  .78  inch.  (See  fig.  8  for  e-^  and  e.^  for  the  worst  case  of  the 
gate  for  80-foot  lock.) 

It  is  believed  that  this  represents  about  the  umximum  range  of  the 
position  of  the  center  of  pressure  when  metal  l)earing  blocks  curved 
to  a  radius  of  300  inches  are  used. 

It  is  impossible  to  tell  what  the  intensity  of  pressure  upon  tliese 
steel  meeting  faces  will  be.  The  best  that  can  be  done  is  to  use  one 
of  the  numerous  empirical  formulfe  for  the  safe  load  upon  rollers. 

Substituting  in  the  formula  /=  1,700^JR,  in  which  R  =  radius  of 
meeting  face  and/=  allowable  safe  load  per  lineal  inch  of  roller,  we 
get/=  29,400  pounds,  which  is  a  greater  load  than  will  be  developed 
in  any  of  the  proposed  gates. 

FRAMING. 

Since  the  two  leaves  of  the  gate  form  an  arch  which  receives  the 
horizontal  load  of  the  water  pressure  and  transmits  it  to  the  side  walls, 
it  necessarily  follows  that  the  principal  members  of  the  gate  must  be 
horizontal  frames  extending  from  miter  to  quoin  post.  These  horizon- 
tals may  be  placed  so  close  together  that  the  sheathing  is  able  to  deliver 
the  water  pressure  directly  to  them,  or  they  nmy  be  placed  fartlier 
apart  and  vertical  girders  employed  to  take  the  pressure  from  the 
sheathing  and  deliver  it  to  them. 

These  two  arrangements  divide  gates  into  two  classes,  known  as  the 
horizontal  and  vertical  types,  the  relative  merits  of  which  have  been 
made  the  subject  of  much  discussion. 

An  extreme  case  of  vertical  framing  is  the  use  of  but  one  horizon- 
tal, and  that  at  the  top  of  the  gate,  allowing  the  lower  end  of  the 
verticals  to  bear  against  the  sill.  This  has  the  advantage  of  allowing 
a  very  clear  analysis  of  the  stresses  in  the  verticals  and  making  the 
sill  do  much  of  the  work  that  would  otherwise  be  done  by  the  horizon- 
tals. This  form  of  gate  may  be  economical  under  small  heads  of 
water  and  in  gates  that  have  much  greater  length  than  height.  A  dif- 
ficulty arises,  however,  in  providing  a  satisfactory  detail  at  the  miter 
and  quoin  posts. 

Between  this  extreme  case  and  the  purely  horizontally  framed  type 
there  is  the  case  of  relatively  few  horizontals  with  intermediate  verti- 
cals. A  satisfactory  detail  at  the  miter  is  possible  with  this  arrange- 
ment, and  it  has  a  field  in  which  it  may  be  used  with  economy.  This 
field  includes  cases  of  very  low  lift  of  lock  in  which  the  pressures  are 
small.  This  type  may  be  used  with  economy  for  upper  and  lower  gates 
for  80-foot  locks  having  lifts  less  than  10  or  12  feet  and  for  GO-foot 
locks  having  lifts  less  than  8  or  10  feet. 
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The.se  cases  arc  v«>iy  lare,  how^^vcr,  in  the  locks  for  tlie  proposed 
(U'Cp  waterway,  and  all  the  dcsiirns  are  of  purely  horizontal  type  of 
franiinjf. 

HORIZONTAL   FRAMES. 

One  of  tlie  questions  in  gate  design  most  fiecjuently  discussed  is, 
Wliat  shall  1)6  the  shape  of  the  gate  in  plan,  i.  e.,  what  is  the  proper 
form  of  the  horizontal  frames? 

A  circular  arch  form  is  advocated  quite  generally,  on  the  ground 
that  for  the  same  strength  it  is  lighter  and  is  thei'efore  cheaper.  A 
sort  of  gothic  arch  is  preferi'ed  by  some  engineers,  and  still  others 
advocate  the  so-called  girder  form  which  is  straight  on  the  downstream 
side  and  any  desirable  shape  on  the  other.  The  advocates  of  this  lat- 
ter form  maintain  that  it  has  nmny  inheient  advantages  over  any 
other  and  that  when  properly  desiirned  its  weight  will  be  but  little 
greatei-  than  the  arch  foi-m,  and  that,  owing  to  its  greatei'  simplicity, 
its  low  cost  of  constiuction  will  make  it  as  <*lieap  or  cheaper. 

The  considerations  which  should  deci<le  the  form  of  horizontal  frame 
are  the  following: 

It  is  very  desirable  that  the  gate  recesses  in  the  lock  walls  should 
be  as  shallow  as  possible.  This  is  a  decided  point  in  favor  of  the 
so-called  girder  shape. 

It  is  also  considei-ed  desirable  that  when  the  gates  are  open  and  in 
tlieir  recesses  they  should  continue  the  line  of  the  wall;  in  other 
words,  be  straight  on  the  downstream  side. 

The  gate  should  be  as  stitf  and  ligid  as  possible  against  unavoidable 
accidental  blows  and  rough  usage  to  which  it  will  be  subjected.  The 
arch,  being  comparatively  thin,  is  notably  weak  in  this  respect. 

For  the  work  in  hand  it  is  especially  desirablcv  for  reasons  which 
have  already  been  discussed,  to  use  a  single  skin  gate.  Consequently 
it  is  desirable  that  the  gate  should  be  straight  on  the  downstream  side, 
to  allow  of  diagonal  bracing. 

Lastly,  there  is  the  question  of  e(;onomv.  In  the  face  of  the  above 
disadvantages,  however,  it  would  seem  that  the  arch  form  must  show 
very  much  greatei*  economy  in  order  to  be  preferred  to  the  gate 
straight  on  the  downstream  si«le. 

The  cost  of  a  structui'e  is  ma<le  up  of  two  clcnKMits — cost  of  malarial 
and  cost  of  workmanship. 

The  cost  of  nmterial  depends  upon  conditions  over  which  the 
designer  has  no  control.  The  cost  of  workmanship  depends  quite 
largely  upon  the  character  of  the  design.  The  amount  of  material 
wliich  may  be  used  to  save  cost  of  worktnanship  depends  upon  the 
relative  cost  of  tlie  two.  This  relation  has  continually  changed,  and 
any  deductions  based  upon  it  at  cue  time  will  not  necessarily  apply 
at  another. 

As  the  cost  of  material  decreases,  the  greater  will  become  the  rela- 
tive economy  of  simple  structures.     In  general,  the  so-called  girder 
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shape  will  be  simpler  than  the  arch  and  make  the  gate  <30st  less  per 
pound. 

If  the  line  connecting  the  centers  of  gravity  of  different  sections  of 
a  horizontal  frame  coincides  with  the  line  of  thrust,  then  it  will  be  a 
perfect  arch  without  transverse  stress.  If  this  arch  has  a  rise  condu- 
cive to  economj^,  there  is  little  doubt  that  so  long  as  this  ideal  condi- 
tion of  exact  coincidence  of  center  of  thrust  and  center  of  gravity 
exists  the  minimum  amount  of  material  will  be  required  for  the  frame. 

The  circular  arch  can  be  readily  made  to  fit  tliis  condition  for  one 
position  of  the  line  of  thrust,  but  the  line  of  thrust  must  pass  through 
the  center  of  pressure  at  the  miter,  and,  as  has  been  seen  in  the  study 
of  the  miter,  the  position  of  this  center  of  pressure  varies  between 
rather  wide  limits,  depending  upon  the  construction  of  the  bearing 
blocks.  Any  deviation  of  the  line  of  thrust  from  the  line  of  centers 
of  gravity  introduces  cross  bending  in  the  arch,  wliich  is  not  well  shaped 
to  withstand  it,  thus  requiring  a  certain  additional  amount  of  material 
to  resist  bending. 

The  frame,  straight  on  the  downstream  side,  though  usually  heavier 
when  proportioned  for  a  single  position  of  the  line  of  thrust,  requires, 
on  account  of  its  greater  depth,  a  smaller  addition  of  material  to  cover 
the  effect  of  bending. 

It  would  seem  that  the  arch  form  of  horizontal  frame  will  be  the 
lightest  if  the  miter  can  be  so  arranged  that  there  will  be  no  variation 
in  the  position  of  the  center  of  pressure,  and  that  it  shows  less  and 
less  economy  as  the  variation  increases  until,  if  the  eccentricity 
becomes  great  enough,  the  girder  shape  will  be  the  lighter,  always 
supposing  that  it  has  the  greater  depth,  which  in  general  will  be  the 
case.     This  conclusion  is  borne  oui  by  the  investigation  which  follows. 

Besides  the  question  of  the  relative  economy  of  the  two  general  forms 
of  horizontal  frame,  there  is  the  question  of  the  proper  rise  of  sill  and 
depth  for  each. 

It  was  recognized  that  a  mere  mathematical  analysis  is  not  sufficient 
to  determine  the  form  most  economical  of  material,  since  in  practice 
with  the  ordinary  forms  of  rolled  steel  it  is  not  possible  to  make  a 
theoretically  perfect  distribution  of  material.  The  importance  of  the 
question  and  the  magnitude  of  the  woi-k  in  hand  seemed  to  warrant 
the  making  of  a  somewhat  lengthy  investigation  of  the  questions 
involved. 

Three  investigations  were  carried  out.  The  first  involved  the 
designing  and  determining  the  weight  of  horizontal  frames  of  different 
shapes  for  over  a  thousand  different  gates.  This  .included  10  shapes 
of  frame  for  upper  and  lower  gates  for  60  and  70  foot  locks  of  lifts 
varying  from  30  to  50  feet  and  rises  of  sill  of  one-fourth,  one-fifth,  and 
one-sixth  the  span.  These  weights  of  the  horizontal  frames  are  tabu- 
lated on  plates  75  and  76  and  are  plotted  on  plate  77. 

By  the  results  of  this  investigation  it  was  hoped  to  be  al)lot(»  answer 
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the  following  (luestions:  For  a  GO  and  70  foot  lo(3k,  what  rise  of  sill  and 
what  shape  of  jijate  will  give  the  lightest  gate  if  double  skin  Ik^  used, 
or  if  single  skin  ])e  used,  or  if  the  skin  be  assunu^d  not  to  aet  as  part 
of  the  frame  in  resisting  water  pn^ssun^ 

From  the  diagrams  it  is  seen  that  the  arches  are  somewhat  lighter 
for  all  lifts.  It  is  also  seen  that  the  lightest  gate  of  each  of  the  three 
cases  of  rise  of  sill  do  not  differ  greatly  in  weight.  In  other  words, 
within  the  limits  of  the  investigation  theriseof  silldoesnot  cut  iiuicli 
of  a  figure. 

The  saving  in  material  by  the  use  of  the  arch  is  in  all  cases  less  t  han 
10  per  cent  of  the  weight  of  a  gate,  which  is  believed  to  be  insuffi- 
cient to  warrant  its  adoption  in  the  face  of  the  great  practical  advan- 
tages of  the  gate  straight  on  the  downstream  side.  It  is  thought  that 
difficulties  iii  the  construction  of  the  arch  will  make  the  unit  i)rice 
enough  higher  to  make  up  for  the  small  difference  in  weight. 

The  second  investigation  was  less  general.  It  included  the  deter- 
mination of  the  most  economical  shai)e  of  horizontal  frame  for  the 
gates  of  an  so-foot  lock  only.  It  was  also  decided  that  a  rise  of  sill 
of  one-fifth  the  width  of  the  lock  is  most  desirable  for  practical  rea- 
S(ms,  and  that  a  certain  amount  of  the  sheathing  should  be  considered 
as  acting  as  a  part  of  the  horizontal.  Tliis  reduce<l  the  length  of  the 
investigation  very  considerably. 

Four  girder  shapes  with  depths  at  the  middle  of  4, 4^,  o,  ami  a^  I'eet, 
and  two  arch  forms  :i^  feet  deep  at  their  middle,  were  designed  for 
the  same  heads  and  under  the  supposition  that  the  range  of  the  center 
of  pressure  at  the  miter  will  be  8  inches  each  side  of  the  middle  of  the 
bearing  blocks.  The  weights  were  compared,  and  it  was  found  that 
the  girder  shape  5  feet  deep  at  the  middle  was  the  lightest.  This  was 
considered  a  very  good  shape  to  satisfy  the  practical  considerations 
mentioned  above,  although  later,  in  the  actual  design  of  the  gates,  as 
will  be  seen  by  reference  to  the  drawings,  the  width  at  tlie  middle  was 
reduced  to  4|  feet  in  order  to  keep  the  gate  n'<'e>^s«'s  shallow,  ihere 
being  little  loss  of  economy  by  so  doing. 

The  thii-d  investigation  was  nuide  to  discover  the  influence  which  t  he 
variation  of  the  position  of  the  center  of  pressure  at  the  miter  has  upon 
the  determination  of  the  most  economical  shape  of  horizontal  frame. 

In  this  study,  single  and  double  skin  gates  for  HO  an<l  80  foot  locks 
of  several  different  lifts  with  values  of  e  (see  figs.  2  and  .J)  varying 
from  0  to  i  8  inches  were  design«'d  and  estimates  of  weights  nmde. 
This  investigation  included  two  shapes — a  «lesirable  girdei-  form  ajid 
the  circular  arch  somewhat  thicker  in  the  mi(hlle  thati  at  tlu'  ends. 

As  a  preliminarj%  the  weight  of  a  single  horizontal  fram«'  of  each 
of  the  two  shai)es,  figs.  1  and  2,  plate  7S,  loaded  to  <>,")0<)  pounds  per 
linear  foot  was  found  for  a  single  and  double  skin  gate  witli  value  of  r 
varying  by  2  inches  from  0  to  4  f^  inches.  The  weights  fouii<!  ,.;e 
platted  in  the  first   diagi-am,  i>late  7S. 
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Thits  diagram  shows  that  the  weight  varies  practically  uniformly 
witli  e;  that  is,  the  curves  are  straiglit  lines  and  need  onl}'  two  points 
to  determine  them.  It  also  shows  that  for  this  case  the  arch  is  the 
lighter  if  no  bending  be  introduced,  and  that  as  e  becomes  greater  ir 
shows  less  and  less  economy  until  at  e  =  S  inches  it  is  practically  no 
lighter  for  single-skin  gate,  and  that  if  e  were  still  more  inereased  it 
would  be  heavier  than  the  girder. 

The  investigation  was  tlien  continued  and  made  to  include,  instead 
of  one  girder,  the  entire  single  and  double  skin  gates  for  (lOHnd  80  foot 
locks,  of  sev'^eral  different  lifts  and  shapes  of  horizontal  frames  sliowu 
in  figs.  1,  2,  o,  4,  plate  78.  The  horizontal  frames  were  proportioned 
by  the  most  rigid  and  exact  method.  (See  method  given  under  the 
head  of  "Proportioning  of  horizontal  frames.")  They  were  designed 
for  f^  =  0  and  e  =  8  inches  only,  it  l)eing evident  from  the  preliminary 
work  that  these  may  be  platted  and  tlie  points  connected  l)y  a  straight 
line.  Diagrams  representing  the  results  obtained  are  shown  on  plate 
78.  In  these  diagrams  abscissas  reprcscTit  tM-ceiiti-icitips  and  oi-dinates 
represent  weights  of  lower  gate. 

The  deductions  from  the  results  obtained  are: 

First.  If  the  gate  be  designed  for  small  variation  of  center  of 
pressure  at  the  miter,  the  arch  will  be  the  lightest  form  for  the 
same  strength. 

Second.  The  economy  of  the  arch  becomes  less  if  e.  be  increased  until 
if  e  be  taken  great  enough  the  girder  form  will  be  the  lighter,  always 
supposing  that  it  is  the  deeper,  which  in  general  will  be  the  case. 

Just  how  great  e  will  have  to  be  for  the  arch  to  be  tlie  heavier  will 
depend  upon  width  and  lift  of  lock  and  relation  of  the  thickness  of 
the  two  form.s  of  gate.  In  other  words,  as  e  increases  a  point  will  be 
reached  at  whicli  the  thicker  gate,  wliether  it  is  the  arch  or  girder, 
will  be  the  ligliter  for  the  same  strength. 

Third.  The  arch  form  of  horizontal  frames  gives  relatively  greater 
economy  in  double-skin  than  in  single-skin  gates. 

Fourtli.  In  single-skin  gates  for  00  or  80  foot  locks,  if  the  variation 
of  the  center  of  pressure  at  the  miter  be  4  or  5  inches  more  on  each 
side  of  the  center  of  the  bearing,  the  economy  in  material  shown  by 
the  arch  is  certainly  not  great  enough  to  overbalance  the  great  inher- 
ent advantages  of  the  gate  straight  on  the  downstream  side  and  jjrob- 
ably  not  great  enough  to  make  it  the  cheaper  form  in  the  present  con- 
dition of  the  steel  market. 

A  careful  weighing  of  all  the  practical  considerations  and  the  con- 
clusions of  the  investigations  in  regard  to  economy  resulted  in  the 
adoption  of  the  shape  of  horizontal  frame  shown  on  plates  70,  71,  72, 
73,  and  74. 

It  will  be  noticed  that  the  frame  is  perfectly  symmetrical  about  its 
middle. 

It  is  so  shaped  that  the  centers  of  the  bearing  faces,  both  in  the 
quoin  and  miter  posts,  are  placed  well  downstream.     A  line  joining  the 
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centers  of  the  faces  of  tlie  l)earinji:  pieces  in  (luoin  and  niit<M-  lios  only 
5^  inches  away  from  the  outside  edjxc  of  tlie  downstream  flan^'c — a 
very  favorable  arran<?ement. 

It  is  believed  that  the  frames  have  been  so  desiji^ned  thai  the  sho[»- 
work  and  erection  will  be  very  easily  and  cheaply  done. 

PROPORTIONING   OF   HORIZONTAL   FRAMES. 

The  direct  load  due  to  water  pressure  on  any  part  of  the  jjate  is  very 
easily  found,  since  the  intensity  of  pressure  at  any  ]K»int  is  dii-cctly 
propoi'tional  to  the  head  of  water  at  that  point. 

In  fi.uf.  12,  if  A  O  is  a  vei'tical  section  of  a  gate  with  stag^«'s  ot  water 
as  indicated,  the  ordinates  at  any  point  of  the  line  a  J>  c  will  be  i)ro- 
portional  to  the  water  pressure  at  that  point. 

The  loads  on  the  horizontal  frames  are  not  the  same  as  the  exleiiuil 
loads  of  water  pressure,  for  the  reason  that  the  vertical  stiffness  of 
the  gate  causes  a  redistribution  of  the  loads. 

The  entire  suliject  of  the  effect  of  vertical  stiffness  of  the  uat«'  is 
discussed  in  a  subsequent  paragraph. 

The  pi-incipal  effect  of  this  redistribution  is  to  throw  an  increase  of 
load  into  the  upper  part  of  the  gate. 

The  strength  of  the  horizontal  frames  is  made  proportional  to  the 
distances  between  the  lines  rt/and  (7  e  h  c.  In  other  words,  the  liori- 
zontals,  which  withstand  a  head  of  more  than  about  20  feet,  are 
proi)ortioned  for  the  direct  load  of  water  pressure  Avhich  will  come 
upon  them,  and  the  upper  20  feet  of  the  gate  is  made  of  uniform 
strength,  capable  of  withstanding  a  head  of  20  feet. 

The  increase  of  strength  in  the  upper  part  of  the  gate  is  on  account 
of  the  effect  of  the  vertical  stiffness  and  because  it  seemed  best  not 
to  place  the  horizontal  frames  farther  apart  than  the^'-are  and  to  use 
no  lighter  than  three-eighths  inch  metal  in  their  construction. 

A  combination  of  a  gi-aphical  and  an  analytical  method  was  used 
todetei-mine  the  stresses  and  ])i'op(>rtion  the  frames.  An  equilibrium 
polygon,  or  line  of  thrust,  was  constructed  graphically,  and  from  tlie 
position  and  magnitude  of  the  thrust  at  any  point  the  re([uired  flange 
section  was  given  directly  by  a  foi-mula. 

In  fig.  7 — 
Let  (/j  and  (j.^  be  the  centers  of  the  hollow  quoins. 
Let  in  be  the  position  of  the  center  of  pressure  at  the  miter. 
Let  P  be  the  resultant  of  the  water  pressure  acting  upon  one  frame. 
Let  R  be  the  relictions  at  the  hollow  (pioins. 
Let  T  be  the  thrust  at  the  miter. 
f,  and  e.^  are,  as  before,  the  distance  from  the  center  of  the  bearing 

to  the  center  of  pressure. 

Then,  if  the  two  leaves  of  the  gate  be  exactly  alike,  the  tlirectiou 
of  the  thrust  T  will  be  parallel  to  (/,  (/.,  and 

'1'  =  Pb ('-) 
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Then,  for  equilibrium,  the  lines  P,  T,  and  R  must  intersect  in  a 
point,  from  which  consideration  both  the  magnitude  and  direction  of 
R  may  be  determined.  If  P  be  perpendicular  to  q  in  at  its  middle, 
then  R  =  T  and  its  direction  makes  an  angle  2a  with  a  normal  to  the 
wall.  Let  fig.  8  represent  a  horizontal  frame  acted  upon  hy  a  load  p 
per  unit  of  length. 

Then  P,  the  resultant  pressure  upon  the  frame,  will  have  a  position, 
as  in  fig.  8,  perpendicular  to  s  r  at  its  middle  and  P  —  jj  s  r. 

The  extreme  positions  of  the  center  of  pressure  at  the  miter  having 
been  previously  decided  upon  at  these  extreme  points,  T'  and  T"  may 
be  drawn,  their  directions  being  known,  as  in  fig.  7.  If  these  lines 
be  extended  to  cut  the  line  of  P  in  points  z^  and  z^-)  then  q  z^  and  q  z^ 
will  give  the  directions  of  the  reactions  at  the  center  of  the  hollow 
quoin. 

If  B  C,  C  D,  etc.,  represent  the  pressures  acting  upon  a  frame,  a 
force  diagram  nuiy  be  constructed  in  the  usual  way,  as  in  fig.  8. 

The  reactions  at  the  hollow  quoin  are  />  0,  and  hi).,.  'J'he  thrusts  at 
the  miter  are,  n  0^  and  nO^.  These  latter  values  may  be  checked  by 
formula  (1-). 

The  equilibrium  polygons  may  now  be  constructed,  which  will  give 
for  any  section  the  position  of  the  center  of  the  thrusts,  the  magnitude 
of  which  may  be  found  from  the  force  diagram. 

The  force  diagram  />,  c  .  ,  .  w,  n  is  a  reproduction  to  a  smaller 
scale  of  the  upstream  side  of  the  frame,  since  each  of  its  elements, 
representing  water  pressure,  is  normal  to  and  proportional  to  the 
length  of  each  element  of  the  upstream  side  of  the  gate. 

Only  one  stress  diagram  need  be  constructed  foi-  all  frames  of  the 
same  shape  and  having  the  same  values  of  i\  and  e.^. 

Suppose  that  the  force  diagram  be  constructed  for  all  frames  of  the 
same  shape  and  having  the  same  values  of  a  load  of  1  pound  per  linear 
foot  of  frame,  then  if  te^  and  te.^  be  the  thrusts  at  an^-  section  as  XX  for 
a  load  of  1  pound  per  linear  foot  of  frame,  nte^  and  nie.;^  will  be  the 
thrusts  for  a  loading  of  n  jiounds  per  linear  foot. 

If  h  be  the  effective  liead  of  water  acting  upon  any  horizontal  frame 
and  h  be  the  sum  of  the  half  distances  to  each  adjacent  frame,  we 
may  put 

/i  =  02.o  h  h 
or  Tei  =  G2.5  h  h  t  e^  and  Te2=62.5  h  h  t  e.^ 

In  which  TCi  and  Te.^  are  thrusts  at  any  section  of  any  frame. 

By  inspection  it  is  seen  that  the  upper  flange  will  be  most  strained 
near  its  middle  and  when  the  line  of  thrust  is  in  its  upper  position, 
and  that  the  lower  flange  will  be  subject  to  reversal  of  stress,  maximum 
tension  occurring  at  its  middle  and  maximum  compression  near  its 
ends.  In  all  the  gates  designed  the  maximum  tension  in  the  lower 
flanges  is  very  small. 
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By  reference  to  plates  70  to  74  it.  is  seeti  that  tlie  lower  flanges  are 
heavily  reenforced  near  their  <'n(ls,  and  a  few  trials  show  that  the  crit- 
ical section  for  the  lower  flange  is  Y  Y,  taken  near  the  end  of  the  reen- 
forcing  plates. 

In  fig.  0, 
Let  T  be  the  thrust  at  any  section. 
Let  .r  be  the  distance  fi-oni  the  center  of  gravity  of  the  section  to  tlie 

center  of  thrust. 
Let  C  1  and  C,  be  the  distance  Ijoin  the  edges  to  i\ui  ccnlei-  of  giavily  of 

the  section. 
Let/,  =  stress  in  upper  edge,  and 
Let  /o  =  stress  in  lower  edge. 
Let  A  be  the  area  of  the  section. 
Let  I  be  the  moment  of  inertia  of  the  section. 

Then, 

•^■=A"^'^y^^ ^^'^^ 

and 

A^l-'Y (14) 

By  assuming  various  flange  sections  and  making  a  sei-ies  of  trials 
by  the  use  of  the  above  formula,  flange  sections  may  be  fouiid  which 
will  give  satisfactory  values  for/',  and/^. 

This  method  was  found  very  tedious,  as  the  flanges  must  satisfy  the 
conditions  at  each  of  the  two  different  sections,  and  especially  in  the 
investigations  of  the  relative  economy  of  different  shapes.  In  these 
cases  it  was  necessary  to  so  j)roportion  the  frames  that  the  maximum 
stress  should  be  practically  the  same  in  the  various  "cases  compared; 
otherwise  the  comparison  of  weights  would  be  of  little  value. 

A  more  direct  metho<l  was  sought,  with  the  result  that  the  follow- 
ing formulae  were  developed: 

Let  X  X,  fig.  10,  be  the  critical  section  foi-  the  upp<M-  flange. 
Let  Y  Y,  fig.  11,  be  the  critical  section  for  the  lower  flange. 
Let  Ti  l)e  the  thrust  acting  at  section  X  X. 
Let  (I  be  its  greatest  distance  from  the  lower  edge  of  the  wei). 
Let  f/,  be  tlu'  depth  of  the  frame  at  X  X. 
Let  T.^  be  the  thi-ust  acting  at  Y  Y. 

Let  h  be  its  greatest  distance  from  the  upper  edge  of  the  web. 
Let  (i,  be  the  <lepth  of  the  frame  at  Y  Y. 
Let  F,  be  the  area  of  the  upper  flange. 
Let  F^  be  the  area  of  the  lower  flange. 
Let/i  be  the  stress  in  th«>  upper  flange  at  section  X  X. 
Let/g  be  the  stress  in  the  lower  flange  at  section  X  X. 
Let/4  l^  the  stress  in  the  upper  flange  at  section  Y  Y. 
Let /a  be  the  stress  in  the  l<>wer  Hangc  at  section  Y  Y. 
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Tlien  in  section  X  X,  if  it  be  assumed  that  the  stress  varies  nni- 
fonnly  from  f.  at  the  lower  edge  to  /j  at  the  upper  edge,  the  resistance 

of  the  Avel)  will  be  -  * "^ — ^  and  the  distance  of  its  center  of  resist- 
ance from  its  lower  edge  will  ))e  ^rr"/V\    .^•t  • 

If  we  assume  tlie  center  of  gravity  of  the  flanges  to  be  at  the  edge 
of  the  web,  the  resistance  of  flanges  may  be  taken  to  be  Fj  /j  and  V^fl, 
and  by  taking  moments  above  tlie  lower  edge  we  have: 

„-,,  =  .,  ,,p,  +  ".  1(^/^.1 ,,,> 

Also  for  equilibrium: 

T,  =/;  F,  +/,  F,  +  '''  '  ^-^f^M  .....     (10) 

Making  these  two  equations  simultaneous,  any  two  of  its  factors 
may  be  found,  the  rest  lieing  known. 

In  like  manner,  <M)uaTi<)ns  for  Sections  V  V.  (ii^.  11.  iiimv  be  foi'm(^<l. 
The}'  are : 

T,-/;  F,+F,/;+*-''f±^       ....    (18) 

The  conditions  of  economical  proportioning  are  that  Fj  and  F.^ 
shall  be  such  that/i  at  Section  X  X  shall  have  the  value  of  the  maxi- 
mum allowable  intensit.v  of  pressure  wlien  T,  j  is  acting,  and/!,  at  Sec- 
tion Y  Y  shall  have  the  maximum  allowable  intensity  of  compression 
when  T^ .,  is  acting. 

Eliminating/!,  from  equations  15  and  HI,  we  have: 


3aT,    fS^     .p   .6aT\ 


Fi=-  ' (19) 

Eliminating /^  from  equations  17  and  18,  we  have: 

Fi=— ■ (20) 


66T,     6/2F, 


2/2-^7^-4 


d./t^  d,t 


If  the  flanges  do  not  change  in  section  between  X  X  and  Y  Y,  then 
equations  (19)  and  (20)  are  simultaneous  in  F^  and  Fg. 

The  web  is  made  suiftcient  to  resist  all  sliearing  strains,  which  con- 
sideration  may  determine  /,   although  for  practical  reasons  in  the 
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present  work  the  webis  wei-e  lujide  iniich  lieavier  than  this  re<iiiireiiHMit 
would  demand. 

For  any  pai'ti<*nlar  <'ase  a,  h,  (/,,  J.,,  'l\,  and  T.^  aj«'  known  lioni  ihe 
stress  diafirani.  If  their  values  and  the  niaxiinuni  allowable  inten- 
sity of  eompression  be  substituted  for  /,  and/!,,  e(puitions  I'.t  Mud  '20 
become  quite  simple  and  may  readily  be  solved  for  F,  and  F.^. 

This  method  is  direct,  an<l  it  was  found  to  require  very  mueli  less 
time  than  the  tentative  process. 

In  many  frames  of  the  shape  used  the  lower  flange  was  determined 
by  the  minimum  allow^able  section.  By  substitutinji?  F^,  in  e(iuation 
19,  Fj  may  be  found  at  once. 

After  Fj  and  F.^  are. found  by  equations  (19)  and  (20),  they  may  lie 
readily  checked  by  equations  (13)  and  (14).    This  was  done  in  all  cases. 

The  lower  or  downstream  flanj^e  is  relatively  lij;ht,  and  consists  of 
two  angles  reen forced  at  their  ends. 

The  section  required  for  the  upstream  flange  is  in  most  <'as<»s  large. 
It  consists  of  two  heavy  angles,  a  certain  amount  of  the  sheathing, 
and  a  cover  plate,  which  acts  also  as  a  splice  plate  for  the  sheathing. 

What  part  the  sheathing  plates  play  in  resisting  flange  strain  is  in 
doubt.  Some  designers  neglect  its  action  on  account  of  the  <loubt  and 
others  would  consider  the  entire  sheathing  as  part  of  the  flanges. 
That  part  of  the  sheathing  plate  which  is  connected  to  the  flange 
angles  must  certainl}^  act  with  the  rest  of  the  flange  in  resisting 
strain,  since  any  change  of  length  of  the  angles  must  cause  a  like 
change  in  that  part  of  the  plate  which  is  attached  to  the  angles. 

The  uneertaintylies  in  the  inability  to  determine  just  how  faraway 
from  the  flange  this  action  extends. 

In  the  present  work  the  flange  section  has  been  determined  for  the 
low-unit  stress  of  10,000  pounds  per  square  inch,  and  when  two  0-inch 
angles  are  used  a  strip  of  sheathing  1(5  inches  wide  lias  been  counted 
as  part  of  the  flange  section,  and  when  two  4-inch  angles  are  used  a 
strip  of  sheathing  12  inches  wide  was  counted.  The  probability  is 
that  the  sheathing  has  much  greater  effect  than  has  been  assumed, 
reducing  the  maximum  stress  to,  say,  seven  or  eight  thousand  pounds 
per  square  inch.  On  the  other  hand,  even  should  the  sheathing  not 
act  at  all  the  stress  in  the  flanges  would  not  be  excessive. 

VERTICAL   FRAMING. 

The  vertical  system  of  framing  consists  of  the  quoin  and  mit«r 
posts  already  described  and  two  systems  of  vertical  frames  built  in 
between  the  horizontals.     They  are  shown  in  fig.  4,  j)late  70. 

These  frames,  when  combined  with  heavy  vertical  plates,  which 
extend  from  top  to  bottom  <»ii  each  side  of  the  irate,  f<trm  ^rij<l«"<  <>f 
considerable  strengtli. 

They  are  not,  however,  introduced  for  the  purpose  of  carrying  any 
part  of  tlic  l<»;)d.  l>iii  111  ^ii(T<'n  tlie  wluilc  si  luci  m-e. 
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In  the  middle  of  the  gates  for  the  80-foot  locks,  a  system  of  light 
frames  is  introduced  to  stiffen  the  flanges  an<l  webs  of  the  horizontal 
frames. 

EFFECT   OF    VERTICAL    STIFFNESS. 

The  ideal  condition  of  distribution  of  loads  among  the  frames  of  the 
gate  would  be  for  each  horizontal  frame  to  resist  the  water  pressure 
which  falls  upon  it.  This  conditiou  can  not  exist,  however,  so  long 
as  the  gate  has  any  vertical  stift'ness  and  bears  against  the  sill. 

It  is  impracticable  to  build  a  gate  with  no  vertical  stiffness,  and  in 
fact  impossible  if  curved  skin  plates  are  used,  for  the  curved  sheath- 
ing forms  a  strong  vertical  girder  especially  as  it  is  stiffened  very 
frequently. 

This  sheathing,  when  combined  with  the  quoin  and  miter  posts  and 
the  other  vertical  framing  necessary,  makes  the  gate  avei'tical  girder, 
which  has  the  effect  of  changing  the  loading  of  the  horizontal  frames 
very  decidedly  from  that  due  to  direct  water  pressui*e.  This  may  be 
seen  from  the  following  illustration : 

Let  fig.  12  be  a  transverse  section  of  a  gate  taken  at  the  middle  of 
one  leaf,  acted  upon  by  a  head  of  water  II+D  on  one  side  and  D  on 
the  other.  If  O  be  the  origin  of  coordinates,  the  axis  of  X  being  hor- 
izontal, the  abscissas  of  the  line  abc  will  represent  the  intensities  of 
water  pressure  at  any  point  on  af. 

If  each  of  the  horizontal  frames  were  proportioned  to  resist  with  the 
same  stress  simply  the  water  pressui'e  that  falls  upon  it,  and  there 
were  no  contact  at  the  sill,  then  the  whole  section  would  deflect  to  a 
new  position  A'O'  parallel  to  AO.  If,  however,  it  is  held  at  the  sill 
and  has  vertical  strength,  it  will  take  the  position  A"(). 

The  horizontal  frames  near  the  bottom  of  the  gate  will  be  relieved 
of  a  part  of  their  load,  some  of  which  will  be  carried  to  the  sill  and 
the  remainder  to  the  upper  horizontal  frames,  which  will  now  be  over- 
loaded. To  meet  this  overloading  and  also  for  practical  reasons,  the 
horizontal  frames  in  the  upper  part  of  the  gate  must  be  made  stronger 
than  would  be  required  to  resist  simply  the  load  of  water  pressure 
which  comes  upon  them. 

To  determine  the  distribution  of  the  loads  upon  the  horizontal  frames 
is  important.  The  problem,  however,  is  somewhat  complicated  since 
it  involves  the  elasticity  of  every  part  of  the  gate  and  is  therefore  not 
soluble  by  the  equations  of  statics,  and  for  the  same  reason  the  solu- 
tion can  not  precede  the  design,  but  must  follow  and  be  a  check  upon  it. 

The  determination  of  the  distribution  of  the  loads  among  the  hori- 
zontal frames  answers  the  two  questions  that  are  of  prime  importance 
in  connection  with  the  subject. 

First.  Are  the  horizontal  frames  properlj^  proportioned?  (The  dan- 
ger exists  that  the  upper  frames  will  be  ovei'loaded  when  the  gate 
bears  against  the  sill,  and  that  the  lower  frames  will  be  overloaded  if 
the  gate  does  not  touch  the  sill. ) 
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Second.  Will  the  deflection  of  the  gate  be  such  as  to  ovei^straiu  the 
vertical  system? 

The  earliest  record  that  we  have  of  an  attempt  to  solve  this  problem 
is  the  Aiinales  des  Fonts  et  Chaussees  for  1850,  in  whicli  M.  Chevalier 
gives  an  account  of  a  series  of  experiments  upon  wooden  models. 
From  the  results  of  these  experiments  he  drew  the  conclusion  that  the 
horizontal  frames  should  be  made  of  equal  strength  and  be  equally 
spaced.  This  rule  has  been  quite  generally  followed  by  French  engi- 
neers to  the  present  time,  and  it  seems  to  be  a  very  good  one  for  most 
of  the  gates  that  they  have  had  to  deal  with,  namely,  tidal  gates,  and 
gates  for  locks,  the  lift  of  which  is  small. 

In  18t)7  M.  Lavoinne  published  in  Annales  des  Fonts  et  Chaussees  a 
paper  on  the  subject,  in  which  he  gave  a  very  complicated  analysis  of 
the  efl'ect  of  vertical  stiffness  upon  the  distribution  of  loads  among  the 
horizontal  frames. 

In  1880  M.  Galliot  published  also  in  Annales  des  Fonts  et  Chaussees 
the  results  of  his  investigations  of  the  same  subject.  He  worked  upon 
the  same  lines  as  Lavoinne  and  obtained  formula?  which  give  practi- 
cally the  same  results.  Both  Lavoinne  and  Galliot  made  their  analyses 
upon  the  supposition  that  the  horizontal  frames  are  of  equal  strength 
and  equally  spaced  and  that  the  gate  is  of  the  same  material  through- 
out. In  their  analyses  they  were  obliged  to  make  numerous  other 
assumptions  and  approximations  in  ordei*  to  simplif}^  the  work. 

The  condition  of  equal  strength  and  equal  spacing  of  horizontal 
frames  is  far  from  existing  in  the  gates  which  have  been  designed 
for  the  locks  of  the  deep  waterways.  Neither  are  the  gates  of  the 
same  material  throughout.  The  fact  that  timber  has  been  used  in 
the  quoin  and  miter  posts  is  a  very  important  factor  in  the  jiroblem. 

These  facts  make  the  formulae  of  Lavoinne  and  Galliot  entirely 
inapplicable  to  the  case  in  hand. 

Captain  Hodges,  in  his  book  "Notes  on  Mitering  Lock  Gates,"  has 
developed  an  excellent  practical  rule  for  use  in  proportioning  the 
horizontal  frames.     It  is,  however,  purely  empirical. 

Other  than  the  cases  just  mentioned,  no  record  has  been  found  of 
any  solutions  of  this  problem. 

As  none  of  the  solutions  mentioned  above  are  entirely  sat  is  factor}', 
and  the  importance  of  the  problem  is  such  that  it  can  not  well  be 
neglected,  considerable  attention  has  been  given  to  the  developing  of 
a  method  of  treating  the  subject. 

Numerous  measurements  were  made  of  the  deflection  of  the  steel 
gates  of  the  Foe  lock  at  Sault  Ste.  Marie  as  a  check  on  the  results  of 
the  theoretical  analysis. 

The  method  of  treating  the  problem  which  has  been  developed  is 
believed  to  be  theoretically  correct,  and  its  results  agree  very  closely 
with  the  results  of  the  measurements  taken  on  the  Foe  locks  gates. 

The  framing  of  the  gate  consists  of  a  series  of  horizontal  frames 
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and  ijractically  a  single  vertical  girder  covering  the  entire  gate.  This 
vertical  girder  consists  of  the  quoin  and  miter  posts,  two  vertical 
frames,  and  the  curved  skin  plates.  All  of  these  taken  together  form 
a  girder  of  considerable  stiffness. 

This  vertical  girder  ma}'  be  considered  to  have  a  moment  of  inertia 
equal  to  the  moment  of  inertia  of  all  these  parts  considered  as  a  single 
piece,  so  long  as  no  buckling  takes  jjlace  in  the  skin  plates.  A  certain 
amount  of  buckling  will  no  doubt  occur,  bnt  as  the  skin  plates  are 
stiffened  very  frequently  they  will  develop  a  very  large  percentage  of 
their  full  strength. 

In  the  following  analysis  the  assumption  is  made  that  no  bending 
occurs  in  the  horizontal  frames.  As  a  matter  of  fact,  bending  will 
nearly  always  occur,  even  when  the  horizontal  frames  are  circular 
arches,  and  it  will  always  occur  in  the  frame  shown  in  the  adopted 
designs.  The  detlection  of  the  gate  <lue  to  bending  of  tlie  horizontal 
frames  is,  however,  insignificant  compared  to  that  caused  by  short- 
ening of  the  frames  under  comi)ression. 

As  an  example,  consider  the  horizontal  frame  next  to  the  l)ottom  of 
the  npper  gate  for  the  lock  at  Oriskany,  N.  Y.,  shown  on  plate  72. 

The  deflection  of  the  miter  post,  due  to  shortening  of  the  gate,  is 
l.G  inches,  accordiug  to  equation  (-1). 

The  positive  bending  moment  nnder  normal  conditions  takes  place 
along  a  length  of  about  15  feet  in  the  middle  of  the  horizontal  frame. 
Outside  this  range  the  line  of  thrust  lies  either  on  or  below  the  center 
of  gravity  of  the  sections.  Computing  the  maximum  deflections  of 
this  same  horizontal  frame,  cansed  by  beuding,  we  get  at  the  middle 
only  ().0!»  inch,  which  is  small  in  comparison  with  l.G  inches,  due  to 
shortening  of  the  gate. 

The  strength  of  the  vertical  girder  is  distributed  l)y  the  skin  i)lates 
nearly  uniforndy  over  the  entire  width  of  the  leaf  and  may  be  taken 
quite  so.  Under  the  assumption  that  no  bending  occurs  in  the  hori- 
zontal frame,  the  deflection  of  any  frame  will  vary  uniformly  from 
0  at  the  quoin  post  to  a  maximum  at  the  miter  post. 

The  resistance,  after  deflection  of  a  vei'tical  beam  of  uniform 
strength  and  a  width  equal  to  the  width  of  the  gate,  will  also  vary  in 
the  same  way.  The  center  of  I'esistance  will  therefore  be  at  a  point 
two-thirds  of  the  distance  from  the  quoin  post  to  the  miter  post. 

The  magnitude  of  this  resistance  will  be  the  force  required  to  deflect 
the  whole  beam  one-half  the  deflection  at  the  miter  post. 

Fig.  13  represents  an  isometric  projection  of  the  frames  of  a  miter- 
ing  gate. 

qq  represents  the  hollow  quoins. 

mm  represents  the  center  line  of  the  meeting  faces. 

FyFj,  etc.,  represent  the  horizontal  frames. 

gg  represents  the  center  line  of  the  vertical  girder. 

The  full  lines  represent  the  position  of  the  various  parts  of  the  gate 
closed,  but  with  no  pressure  upon  it. 
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The  bi'oktMi  lines  repi-csent  llic  jtdsitioii  wliicli  the  yfate  Ijikes  iinder 
stress. 
Let— 

2  A  ^deflection  of  miter  ])()sf  at  any  iiitei-sectioii  witli  a  lioiMzontal 
frame. 
T=a.\ial  thrust  in  horizoutnl  Irjuiie.     This  thrust  is  very  tieuriy 
constant  throui^hout  the  length  of  the  frame.     (See  strain 
sheet,  fig.  8.) 
L=lengt]i  of  horizontal  frame. 
L'=lengtli  of  steel  in  horizontal  frame. 
#=combine(l  thickness  of  timber  in  quoin  and  miter  post. 
r=rise  of  sill=/'  o,,  fig.  'S. 
A'=sectional  area  of  steel  in  horizontal  frame. 
A"=area  of  wood  compressed  by  horizontal  frame. 
E'=modulus  of  elasticity  of  steel. 
E"  =  modulus  of  elasticity  of  wood. 

d  L=the  change  of  length  of  a  horizontal  frame  under  stress. 
P=the  water  pressure  on  any  liorizontal  frame. 
X=the  reaction  of  any  horizontal  frame  against  the  vertical  girder, 
the  direction  of  water  pressure  being  taken  as  positive. 
Let  the  horizontal  frames  be  numbered  from  the  top  downward, 
beginning  with  0,  and  let  all  subscripts  refer  to  tliis  numbering. 

L(ZL 


2^  = 

r 


but 


^^=-','-<A^V'+a4^)     ......     (21) 


and  taking  niomeiiis  about  the  hollow  (luoin 

P  L     2  X  L 


•''=3  ,■         , 


substituting: 


-^-^L-^'  A'E'^A"E"''J         \_:ir'^A  K'^A"K"'J     '     '     ^"^ 

The  deflection  of  any  point  in  the  center  lin«'  of  the  vertical  girder 
will  be  ecjual  to  A  or  one-half  the  deflection  of  the  miter  post: 

Let  the  coefiicient  of  P  be  represented  by  A.     The  coefficient  of  X  is 
f  times  that  of  P,  so  w<?  ma}'  write: 

A=AP-|aX (J4) 

The  value  of  A  is  a  constant  for  each  horizontal  frame. 
H.  Doc.  WJ 12 
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-^0  =  ^,1^,-3  AoXo 

A,  =AiPi-3  A,  X, 

4 
A,  =  A2P,  -  o  A,  X2 


A,  =  A,  J', 


A,  X. 


A4  =  A,  P, -.:5  A,  X, 
4 

A  r,   =    A^    Pr,    —    o     As    X5 


(25) 


or- 


Tlie  condition  of  the  sill  contact  determines  the  value  of  A,. 
If  there  is  no  sill  contact  the  first  value  of  A^  is  to  be  used,  or — 

Ag=  A,  P,-  I  A,  X,. 

If  the  gate  bears  against  the  sill,  then  the  deflect  i(Mi  is  no  longer  a 
function  of  the  strength  of  tlie  lower  horizontal  frame,  but  is  a  cer- 
tain amount  (K),  which  may  usually  be  taken  as  zero. 
.  When  the  gate  bears  against  the  sill,  X5  will  be  the  sill  reaction. 

We  may  express  X„  and  X,  in  terms  of  X,,  X^,  X3,  and  X4.     By 
moments  about  the  bottom  of  the  gate, 

X,  =  -Jj(4X,  +  .'5X,  +  L'X,4-X,)  ....  (26) 
and  about  top  of  gate, 

X,=-5(Xi4-i'X,  +  :{X,  +  4X,)  ....  (27) 
Equations  (25)  then  liecome: 

A„  =  A,  P„  +  ^"^5  A,  (4  X,  +  ;5  X,  +  2  X,  +  XJ 

Ai  =  AiP,-  .^  A,  Xi 


A2  =  A2P.,  -    g     A,   X., 

4 

A3  =  A3   P.,-    T^     A3X3 

4 

^4  =  A4   P4  -   -3     A4   X, 

A,  =  A,  P,  +  -1^.  A,  (Xi  +  2  X,  +  -i  X,  +  4  X4) 


15 


(28) 


or — 


A,  =  K. 


Let  fig.  14  represent  a  transverse  section  of  the  gate  taken  on  the 
center  line  of  the  vertical  girder,  in  which  g  g  represents  the  center 
line  of  the  vertical  girder  before  deflection  and  the  curved  line  g'  g' 
represents  the  same  line  after  d:^flection  takes  place. 
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Let  A„  A,,  etc.,  Vi  v.^,  etc.,  be  as  indicated  iii  the  figure. 
Then 

4  1 

;j         2 

'S 

1  4 

•r,=  A^-^^  A,,-  -  A, 


'«'3=A3--*r^o-n^5 


Substituting  the  values  of  A  given  by  eciuations  (-is)  into  \]\o  above 
equations,  we  have  for  gate  without  contact  at  sill: 

^A5jx3+(^^^Ao+^A5JX,-A.,P24-5AoPo+5A5P, 

/32  ,       12  ,   \,,      ^24  ,       24  ,    \  ,.      /4:  ^    .  10  , 
-.^3=(^^A.+75A,JX,4-(^7gAo+75A,JX,+  (^3A3+75A,.+ 

^A,)x3+(^A„+^A,)x,-A3P,+|AoP.,+^A,P, 

-,,^(^a,.+1|a,)x,<>|a„4|a.)x.+(1a„+-aJ 

X,+(iA,+/gA,+^A,)x,-A,P,+^A.P„4-^A,P, 

And  for  contact  at  sill : 

/'4   .       04  ,  \^    .  48  ^  ^.    .  32  ^  ^,    .  10  ^  ^,       ,  ,,   , 

-r,  =  (  3  A,  +  -  A,  )X,  +  -  AoX.,+  -  A„X%+^.  AoX,-A,P,+ 


|a«p„+^k 


-r,=f^  A,X,  +  (|a,+|a,)x,+^Ja,.X3+^  a  X.-AT>,+ 


5  ^''^'"+5  ^"' 


32  24  /'4  10       \  8 

-r,=^^^  AoX,+^*  AA%+(  3  A,4-7.  A,  )  X3+;^^  A^X.-A^P.^ 


2  3 


-r,=^A„X,+^' AoX,+  ~  A„X3+(  J  A,+g^„.V,  )  X,-A,P,-f 


_^AoPo+^  K 


(29) 


(30) 
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The  equations  given  above  expi-ess  the  defiections  r,  i\^,  etc.,  in 
terms  of  the  loads  and  the  properties  of  the  horizontal  frames. 

We  will  now  derive  independently  the  value  of  the  same  deflections 
expressed  in  terms  of  the  loads  and  the  properties  of  the  vertical 
girder. 

We  will  first  demonstrate  the  following  proposition: 

If  a  simple  beam  l)e  acted  upon  by  a  series  of  transverse  forces 
Pi  P2,  etc.,  then 

L 

0 

in  which 

M=the  bending  moment  at  any  point. 
E  =the  modulus  of  elasticity  of  the  material. 
I  =the  moment  of  inertia  of  the  beam. 
P„  =  siuy  transverse  force. 

Vn  =  the  movement  of  the  point  of  ajjplication  of  the  force  Pn  with 
respect  to  a  straight  line  joining  any  two  points  of  the  beam 
(usually  points  of  support).     r„  must  be  measured  in  the  dii-ec- 
tion  of  the  force  P„. 
L    =  the  lengtli  of  the  ]»eam. 

Tn  fig.  15: 
Let^^,  Pi  Ihih  p-,P^s  represent  the  center  line  of  a  straight  beam  under 

the  action  of  the  forces  l*i  P^     .     .      .     P,;. 
Let  j>i  Pi  be  considered  fixed  points. 

The  position  of  the  center  line  of  the  l)cam  without  load  is  a  straight 
line  drawn  through  />,  Pi. 
Let  the  movement  of  the  points  p^  p.,,  etc.,  under  the  action  of  tiie 

forces  P,  Po,  etc.,  be  i\  i\y,  etc. 

In  ijassing  from  one  condition  of  loading  to  anothei*  work  is  done. 

The  total  work  of  all  the  external  forces  acting  upon  the  beam  is — 

By  the  docti'ine  of  the  conservation  of  energy,  this  must  be  equaled 
by  the  internal  work  done  in  distorting  the  beam.  This  internal  work 
is  done  in  lengthening  and  compressing  the  niatei-ial,  and  stored  as 
potential  energy  in  the  material  to  be  given  back  if  the  forces  are 
remove<l  and  the  beam  springs  back  to  its  initial  position. 

In  fig.  Kk 
Let  CO  be  an  infinitesimal  poition  of  length  <l  L  of  the  neutral  axis  of 

the  beam  under  stress. 
Let  71  n'  and  rti  rii'  be  normal  sections. 
Let  i  be  the  angle  n'  <■  r . 

Let  \j  be  the  distance  from  the  neutral  axis  to  any  point  q  cni  the  sec- 
tion //  h'. 


Mff.l5. 


mg:16. 
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Let  /  be  the  stress  at  point  7. 
Let  1/,  =  c  /(. 
Let  y.^  =  c  n' . 

Before  the   lieum   was  stressed   n  n'  was  parallel  to  vi  ?//',  or  in  a 

position  r  r'. 

'i 
The  average  foree  acting  upon  unit  area  at  q  is  — /,  and  the  distance 

thi'ough  which  it  acts  is  y  i. 

Then  neglecting  the  distortion  caused  byslM';ii\  whicli  is  pracMcally 
zero,  the  work  done  on  an  area  a  at  q  is: 

d  ir  =  - — -     • 

The  work  upon  tlic  whole  prism  //  u'  m    m  is: 

y  i 


w=V   -"^^ 


^ '-Z/i 

The  total  internal  work  in  the  whole  beam  is: 


E, 


The  total  external  work  done  upon  tlic  Ix^am  is: 

it 

Equating  external  Avith  internal  work  and  clearing  of  fractions,  we 
have : 

iL    .^-^    y, 


P,  r,  +  P,u,     .     .     .     P„r,.=\  2_J        ^ ''-''' 

0  \l\ 


2. 


Differentiating  this  equation  with  respect  to  P,„  we  have: 

Hut, 

Then, 

and 

■''        K    ~     EI 


/= 

My 
■    I 

(7  M 
(IP. 

U 

I 
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Substituting  the  values  of  -r-L.  and  y  i  we  have : 

'^"  ~  I       /    /      ^l^y  CiMydL  _\      c[M    M      /    ■    a  ?/  d  L 
)      ^^y,dP,,l      EI        ~|      dP,,EV^^y, 

1/     o  U    o 


but  Xj  ^y^-'^ 

We  therefore  have : 


\ 


C 


'"-=\^f^^dh        Q.E.D. 


Turning  now  to  the  vertical  girder  of  the  gate,  the  forces  acting  on 
it  are  X^  Xj  Xj,  etc. 
Let  Ml  be  the  bending  moment  at  any  point  in  the  top  panel  of  the 

vertical  girder. 
Let  M2  Mg,  etc.,  be  the  moments  in  the  second  and  third  panels  etc., 
Let  y  be  the  distance  of  any  point  in  any  panel  from  the  horizontal 

frame  next  below  it. 

M5  =  i/X,=  -7/(^^'  +  |x,4-|x3  +  |x,) 

d^h-     y 
dX,  5 

d  M,         2 
dXr~5^ 

d  M,         3 

dX,-~5^ 


dM, 
dX,' 


■—^y 


dX^  EI~25  EI  ^^1^"  ^2+^^3+4:^4; 


I 


a    d    Mg    Mg 


I 


[    3x7El''i'=r50Er<2X.+*X,+6X,+8X.) 
V7  ^  TVf  ivr  n^ 
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In  the  same  way, 

dX 


=  -^(^'  +  //) 


fZ  M4         ]  . ,         . 


dX^El-liSET  ^^^  +  ^^2+-^X,)+ 25  E  I        ^* 

mi " "  =  ™ '"  -^■+-'  '^'+*"  ^»+^*^  -^'> 


In  like  manner, 


j^ ''  ^'=wi  <-*  -^■+-"'  '^'+^^  -^•+'''-  •^■> 

D 

X 

^rtll ''  •"  =  T50- ITI  <*2  ^•+'*  ^'+'==''  ^»+'*-'  '^') 

X 

jtxtIi  '' "  =  w^  <"  -^■+'''  '^'+«'^  ^'+"  ^'> 

For  the  third  panel, 

M,=  "  "-ti/  (X,  +  2  X.,)-|  (:3  rt-y/)  X,  -  \  (3  a-//)  X, 

Duo 

J  1i^ "  ■" = ism  <^«  ^^■+™  ""'+''  ""'+''  ^'^ 
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dX.E 


I  '^  -^  =  rs^Vi  ^^*  ^'"^^"^^  ^''^^'^'^  ^^''^'^  ^'^ 


*a 
1^^  "^  -^  =  I5^I  (^^  ^^^''^  ^2+76  X3+38  X4) 

For  the  second  panel, 
M,  =  -l-{na-(j)X,-U2a-y)X,-U2a-y)X,-U2a-y)X, 


0 


'mi''''  =WTn<'*  ^■+"^^  ^'+"^  •^^■+-"  -^'> 


(7  M,  M 


SncTET  '^  -^  =  150E1  ('^^  ^'  +  ^2^  ^2+S4  X3+42  X4) 


'Hffl  "*  •"  =  IWI  *«'  '^.+'**  X,+««  X„+28  X.) 


*a 
JCTI  **  "  =  IBTE-i  <31  X,+42  X,+28  X,+ 14  X,) 


For  the  first  panel, 
M,  =  -!((/-//)  X,-|  (a-y)  X,-^-{a-y)  X3-  J  (a-y)  X, 

ixTll  ^  ^^  =  ISCTEI  (32  X.  +  24  X3+I6  X3+8  XJ 

frZ  M    M  n^ 

d^wi "  y  =  i5on  (^*  x.+i«  X'+i2  x,+«  X,) 

(1^'  ^'  y = mm  (i«  x,+i2  x,+8  x,+i  X.) 

a 

(r7  M    M  n^ 

JX^ri  ^' '-/ =I50ET  (8  X>+6  X,+4  X3+2  X.) 
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5a  (I  (I  a 

o  ^  'o  o 

G  "o 

+  115  X,) 
In  the  same  way 

''^=15(fEl  ^^-'"^  X,4-3r.o  X,+:uo  X.+iOO-X.) 
'^3=i5(nrT  ^^^^  X,4-340  X2+3(K)  X3+225  X4) 

'■*^TE^~El  ^^^'"^  X.  +  -'«»  X,+22.5  X,+  100  X,) 

Equating  these  values  of  r,  r.,,  etc.,  with  those  in  group  of  equations 
(29)  and  (30),  we  have,  after  clearing  of  fractions,  for  no  contact  at 
siH : 

(200  A,+  1-8  A„+8  A,+^-^')  X,  +  ('.m;  A„-f-l<i  A,^'^^^)  X,4-(<;4  A., 

4-24A,  +   ^|*A')X3+(;52A,+a2A5+i^')X,-15()A,P,4-120A„Po 

+  30  A,  P,=0 

(96A,+  1.;A,+^^^A)   X,  +  (2()()  A,+  72  A,  +  32   A,+''-^''^^^ 

•      +(48  A,+48  A.+'^')   X,+  (24  A„+.U  A,  +  -^J^')  X,  -  150 
A,  P2+9O  A„  Po+60  A,  P,=(». 


(64A„+24  A.+^'jJl''^'')  X,  +  (48  A,+48A,+  '^^pX.,+  (200A,+ 

32  A,+72  A.,+'M^^')X,+(ir,A„+Or.A,+^')  X.-lSOA^Pg 
+  60AoPo+90A„P5=0. 


(32  A„+32  A,+^JA^-)  Xi  +  (24  A,+  ('.4  A,+  -'^"^)  X,+  (l(;  A„+ 

96A,+  ^')  X,+  (2()0  A,  +  8  A„+128  A,+  ^|Y)  X,-150  A,P, 
+  30A„P„+120A5P5=0. 


i(31) 


(32) 
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For  contact  at  sill — 

(200  A,  +  128  A.,+  L|^')  X,4-(96  A„+t^')  X,+  (64  A„+^')  ^ 

X3+(32  A,+  ^^')  X,-loO  A,  P,  +  120  A,,  P„+:3()  K=(). 

(96Ao+?^')  X,  +  (200A,+  72A.,+  ^^')  X,+  (48  A„+'^') 

X^  (24  Ao  +"^)  X,-150  A.,  P,+  '.)()  A„  P„4-<''<»  K=(). 
ill  1 

(04  A.,+^^^-^)  X,  +  (48  A„+^^^^)  X,+  (200  A3+32  A„+^^) 
X,+  (1G  A,  +  ^'^^^^')  X,-150  A,  P3+OO  A„  Po+!»0  K=(). 

(32  A„+l^^«')  X,  +  (24  A,.+2^')  X,+  (10  A„4-^')  X,+  (200 

A4+8A„+^5Jf^^)X,-loOA.P,  +  :5nA„P„+12()K=(>. 
hi  1 

The  only  unknown  quantities  in  these  equations  are  X,  Xg  Xg  X4. 

The  numerical  values  of  A,,  A,  A.^  .  .  .  A.  may  be  substituted 
and  the  simultaneous  equations  solved  for  Xj  X,,  etc. 

These  equations  apply  to  a  gate  with  six  horizontal  frames. 

A  set  of  equations  may  be  derived  in  a  similar  manner  for  a  gate 
with  any  number  of  horizontal  frames.  There  will  always  be  two 
fewer  equations  than  there  are  horizontal  frames. 

In  some  of  the  higher  gates  there  will  be  as  many  as  oo  horizontal 
frames.  It  would  be  impracticable  to  attempt  the  solution  of  28  simul- 
taneous equations,  and,  in  fact,  it  is  not  necessary  to  do  so.  The 
horizontal  frames  may  be  grouped  into  a  few  groups,  each  of  which 
may  be  then  considered  a  horizontal  frame. 

It  is  evident  that  the  error  in  so  doing  is  due  to  considering  the 
center  line  of  the  vertical  girder  to  be  straight  between  the  half  panel 
points.  As  the  curve  of  the  vertical  girder  is  extremely  flat,  the  error 
in  such  an  assumption  must  be  very  slight.  We  maj^  then  group  the 
horizontal  frames  into  six  parts  equally  spaced,  and  determine  the 
constants,  which  may  then  be  substituted  into  equations  (31)  or  (32), 
as  the  case  may  be,  and  from  them  the  desired  loading  found. 

To  make  this  clearer,  let  us  make  the  api)lication  to  one  of  the  gates 
designed.  Fig.  17  represents  the  section  of  the  lower  gate  for  the 
80-foot  lock  No.  7  of  the  Tonawanda-Olcott  route. 

The  first  diagram  shows  the  arrangement  and  sectional  area  of  the 
horizontal  frames;  the  second  shows  the  arrangement  and  sectional 
area  of  the  frames  after  they  are  grouped. 
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L=oo2  set'  plate  73. 
L'=528  inches. 

r=200  inches. 

f—22  inches. 
E'  =  21H)()0(M)(). 
E" =20000. 

4x200  A  A'  20(WfKX)0"^A"  22,0007 

_  .00003407     .  (X)209484 

-       "A'"     "^       A" 

,       .00003407  .  .00209484 

^o=^3i;25~+"  172276" '^•^*'**^'^*^^'^^^ 

.       .00003467  ,  .00209484         ,,^,     ,^^ 
Ai=  — y^^   +    .j^^.  ^,    =.OO0,0(X>,802 

,       .00003407  ,  .00209484       ,.,  ,^,„„^ 
^■'=     213.5     ^    3445.2    =-<^^<^»<^<^^770 

,       .00003407  .  .00209484       _^  ^^  ^.^ 
^^=--085.3     +-3445:2-  =  -^^^^*^'^^^0'7-9 

,       .00003407  .  .00209484       ,,,,  ^^^„^^ 
^^=-285:3-+ -344-5:2-=-'^<^^'^^'7-^ 

,  .00003407  ,  .00209484  ^^,  ^^,  .,, 
^-^  T58:5^+-l722:o-  =  -^^*^'0^1'^3-^ 
P„=  47,000  pounds. 
P,=  452,000  pounds. 
P2=  920,000  pouiKls. 
P3= 1,100,000  pounds. 
P^  =  l, 100,000  pounds. 
1>.=    550,000  pounds. 

If  the  gate  had  no  vertical  stiffness  then  X,,  X,,  etc.,  would  be  zero 
and  the  deflection  of  the  miter  post  would,  from  equation  (24),  be  2 

2  A„  Po=  .1432  inches. 
2  A,  P,=  .720  inches. 
2  Aa  Pa =1.420  inches. 
2  A3  A3=1.604  inches. 
2  A4  P^= 1.004  inches. 
2A,  P5=1.590    inches. 

These  values  are  plotted  in  the  line  a  b  c,  fig.  1,  plate  80. 

1=190000. 

o  =  150.0  inche- 

Substituting  the  known  quantities  in  e<iiiaii<)ns  (31)  we  have: 

.4784  X,  +  .3272  X.a+.2714  X3+.I743  X4-22070=0 
.3272  X,  +  .5803  X,,+  .3790  X3+.207O  X4-5287O=0 
.2714  X,  +  .3790  X2-I-.54S4  X3+.3198  X^-44110=0 
.174.^  X,  +  .2070  X,+  .319K  X--i-.4.".31  X,-224:>(i=t) 
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From  which,     ; 

Xi  = -34,200  pounds. 
X2=  +  c'^-',100  pounds. 
X.,= +  50,750  pounds. 
X4=— 25,690  pounds. 
From  equations  (26)  and  (27) 

Xo=— 41270  pounds. 
X.,=  — 38730  pounds. 
Substituting  now  in  equations  (25): 

A^|=.15G  inches. 

A,  =  .3!t9  inches. 

A2=.622  inches. 

A3=.754  inches. 

A4  =  .82()  inches. 

A 5 =.862  inches. 

The  deflection  of  the  mitre  post  will  be: 

2Ao=  .312  inches. 

2A,=  .798  inches. 

2^2=1.244  inches. 

2^3  =  1.508  inches. 

2^.^=1.652  inches. 

2 A, =  1.724  inclies. 

These  deflections  are  plotted  in  fig.  1,  plate  80,  and  the  curve  of  the 
miter  post  gh  is  drawn. 

Substituting  the  known  quantities  in  equation  (32)  and  making 
K=0,  we  have: 

.4670  X,  +  .3043  X2-I-.2370  X3+.I29O-  45920=0 
.3043  Xi-f-.5145  X2+.3IO2  X3+.  1760— 100570=0 
.2370  X1  +  .3IO2  X24-.4454  Xg-f  .1824-115710=0 
.1290  Xi+.1760  X2+.I824  X3+.2696-117850=0 
Solving, 

Xi  =  — 112,700  pounds. 
X2=  56,700  pounds. 
X3=  134,700  pounds. 
X4=  363,000  pounds. 
And  from  equations  (26)  and  (27) 

Xo=—  70,300  pounds. 
X5=- 37 1,400  pounds. 
Substituting  these  quantities  in  equation  (25)  and  doubling  the 
value  of  A  we  have  as  the  deflection  at  the  miter. 

2A(,=  .429  inches. 
2Ai=  .964  inches. 
2A2=1.312  inches. 
2  A  8= 1.340  inches. 
2  A 4=  .898  inches. 
2A,=2K=0. 
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These  values  are  plotte<i  in  fijr.  1,  plate  80,  an<l  the  curve  of  the 
miter  post/o  drawn. 

We  are  now  able  to  determine  the  loading  on  any  horizontal  frame. 

Let  the  loadinj;  on  a  frame  after  deflection  be  equivalent  to  a  cer- 
tain water  pressme  I*'. 

Then 

P'=P,-;^  X„     .     .     .  (:«) 

In  whicli  P„  is  the  water  pressure  ii[)()n  the  horizontal  frame, 
and  X„  is  the  reaction  of  the  horizontal  fraiiK'  upon  the  vertical 
girder. 

The  deflection  of  the  miter  post  at  any  hoi-izontal  fraim*  may  be 
found  from  the  curves  fig.  I,  plate  80. 

By  substituting  this  deflection  an<l  the  proper  constants  in  etiua- 
tion  (2:})  the  value  of  X„  may  be  found.  This  substituted  in  eciua- 
tion  (33)  gives  P'  the  load  upon  the  fi-ame. 

Using  this  new  loading,  the  stresses  in  the  frame  may  be  computed 
as  in  the  beginning. 

If,  as  usually  will  be  the  case,  the  stres^s  of  the  horizontal  frame 
rather  than  their  loading  is  desired,  they  may  be  arrived  at  by  a  much 
shorter  process. 

The  line  <i  h  c,  fig.  1,  plate  80,  represents  the  deflection  which  the 
miter  post  would  have  if  there  were  no  vertical  stiffness  and  each 
horizontal  frame  withstood  its  own  water  pressure. 

All  the  frames  except  the  six  upper  ones  were  designed  to  have  a 
maximum  stress  of  +10,0('O  pounds  per  scjuare  inch  undei-  the  action 
of  water  pressure  alone;  and  the  six  u|)pcf  frames  are  all  made  like  the 
seventh. 

Then  the  abscissas  of  the  l)roken  line  <  d  b  r  re[)i'esent  the  deflec- 
tions which  the  miter  post  would  have  if  all  the  frames  were  loaded 
in  such  a  way  that  the  maximum  stress  would  be  10,(K)0  pounds  per 
square  in(d\. 

It  will  be  seen  that  the  curves  of  theoretical  deflections  pass  beyond 
the  line  e  d  h  c  in  two  places. 

When  there  is  perfect  contact  at  the  sill  the  horizontal  fi-ame  at  a 
point  40  feet  above  the  sill  may  ha  stressed  to  more  than  10,000 
pouiuls  per  square  inch,  and  likewise  with  frames  near  the  bottom 
when  there  is  no  contact  at  the  sill. 

In  neither  case  is  the  deflection  more  than  S  per  cent  greater  than 
that  corresponding  to  a  maximum  stress  of  10,000  pounds  per  square 
inch. 

Considering  stress  proportional  to  deflection,  the  maximum  stress 
in  these  two  cases  will  be  only  10,800  pounds  ijer  sijuaie  inch,  which 
is  certainly  not  serious. 

Knowing  the  loading  on  the  vertical  system,  the  nmximum  l)ending 
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moment  may  be  readily  found.  The  maximum  .stress  /of  the  vertical 
beam  is  found  by  the  formuhi: 

_      2jaM 
Jx-  -      I 

in  which  y^  and  y.^  are  tlie  distances  from  the  neutral  axis  to  the 
extreme  edges  of  tlie  vertical  ])eam.  M  is  tlie  maximum  bending 
moment  which  evidently  occurs  when  there  is  contact  at  the  sill. 

The  stress  is  double  that  given  by  the  usual  formula,  since  the 
deflection  at  the  miter  post  is  twice  the  mean  deflection. 

Detei-mining  M,  //,,  and  y.,  and  substituting,  we  have: 

/i  =  —17,700  i)ounds  per  square  inch. 
/a  =  +1*>,000  pounds  per  square  inch. 

This  may  seem  rather  high,  but  there  is  no  danger  of  rupture,  for, 
unlike  the  ordinary  beam,  if  the  deflection  increases  beyond  that 
which  causes  this  stress  tlie  l)eam  is  immediately  relieved  of  its  loads. 

Fig.  2,  plate  80,  illustrates  the  case  of  the  upper  gate  of  an  80-foot 
lock  for  21-foot  channel,  which  is  the  lowest  gate  that  has  been 
designed,  a  h  represents  the  deflected  position  of  the  miter  post  if 
the  gate  has  no  vertical  stiffness. 

As  it  is  a  straight  line,  it  is  also  the  position  of  the  miter  post  if 
there  is  no  contact  at  the  sill,  no  matter  what  the  vertical  system 
may  be. 

o  c  represents  liie  position  of  tlic  miter  post  if  tiu'  gate  has  vertical 
stiffness  and  thei-e  is  contact  and  no  deflection  at  sill. 

b  d  represents  tiie  position  of  miter  post  when  all  horizontals  have  a 
maximum  stress  of  10,000  pounds  per  square  inch. 

As  this  line  falls  outside  of  all  others,  we  may  be  reasonably  certain 
that  in  no  horizontal  is  the  stress  greater  than  10,000  pounds  per 
square  inch. 

Fig.  ;J,  plate  80,  shows  the  behavioi-  of  an  upper  gate  of  80-foot  lock 
for  :50-ft)Ot  channel,  with  10-foot  flood  water.  This  gate  receives  the 
highest  pressures  of  an}^  for  which  timber  bearings  in  the  quoin  and 
miter  posts  are  proposed. 

The  line  «  h  represents  the  deflected  position  of  the  miter  post  if 
there  were  no  vertical  stiffness. 

e  d  represents  the  deflected  position  of  the  gate  with  vertical  stiff- 
ness and  no  contact  at  the  sill. 

o  e  represents  the  deflected  position  of  the  miter  post  with  vertical 
stiffness  and  contact  at  the  sill. 

h  f  d  represents  the  deflected  position  of  the  miter  post  when  the 
maximum  stress  is  10,000  pounds  per  s(]uare  inch.  This  line  lies  well 
outside  all  others,  as  in  the  previous  case. 
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At  first  thoujfht  it  might  be  expected  that  the  line  ^/rf  would  be 
vertical  foj-  the  whole  hcijijht  of  tlie  gate,  inasinuch  as  it  represents  a 
condition  of  nniforni  stress  in  tlie  steel. 

The  section  of  the  timber  in  the  posts,  however,  is  not,  as  in  the  case 
of  the  steel,  proportional  to  the  pressnre  upon  it;  hence  the  inclina- 
tion of  the  line  }>  f. 

Fig.  4,  plate  80,  is  for  a  gHte  between  the  80-foot  locks  of  the  Lewiston 
flight.  These  locks  have  31  feet  deptliof  water  on  sill  and  a  lift  of 
40  feet,  with  a  fioad  at  times  of  (J  feet. 

'^riie  gates  may  therefore  be  required  to  withstand  a  head  of  77  feet 
of  water. 

a  I)  c  is  the  line  of  deflection  of  miter  post  if  there  is  no  vertical 
stiffness. 

(/  c  is  the  line  of  deflection  of  miter  post  under  a  maximum  stress  of 
10,000  pouiKls  per  square  inch. 

o  e  is  the  line  of  the  deflected  miter  post  with  contact  at  sill. 

This  line  passes  outside  of  (/  c,  indicating  that  the  maximum  stress 
in  the  horizontals  at  that  point  is  more  than  10,000  poun<ls  per  square 
inch.  The  maximum  excess  is  only  8  per  cent,  making  the  maximum 
stress  only  10,800  pounds  per  square  inch. 

The  comparison  of  figs.  1  and  4  shows  the  influence  of  the  wood 
upon  the  deflection,  as  both  are  drawn  to  the  same  scale,  and  }>  rfig.  1 
and  h  c  fig.  4  would  have  the  same  abscissas  if  it  were  not  foi-  the 
presence  of  the  wood. 

These  four  cases  represent  the  extremes  of  all  the  gates  designed. 

The  above  method  is  purel}"  theoretical,  and  as  all  theoretical  an- 
alyses are  liable  to  be  in  error,  it  was  thought  very  desirable  to  obtain 
a  check  upon  the  results  by  actual  measurement  of  the  behavior  of 
large  steel  gates. 

With  this  end  in  view,  a  series  of  measurements  were  made  upon 
the  gates  of  the  Poe  lock  at  Sault  Ste.  Marie,  Mich. 

These  measurements  were  made  by  Mi-.  Henry  Goldmai-k,  a.ssisted 
by  Messrs.  Joseph  Ripley  and  B.  Rohnert,  United  States  assistant 
engineers,  and  Messrs.  C.  M.  Ayres,  and  II.  C.  MacNaughton,  in  June, 
1808,  and  April,  18!M>. 

The  following,  ([uoted  from  Mr.  Goldnuirk's  rejMn-t  upon  the  meas- 
urements, described  the  gates  and  method  of  measurements: 

The  lock  has  a  clear  width  of  100  feet,  with  a  depth  of  water  on  sill  of  •,M  feet. 
The  total  height  of  the  lower  gates  is  4:5  feet,  and  the  average  lift  of  lock  is  19 
feet.  The  mitering  angle  is  21  (rise  of  about  one-fifth).  The  leaves  are  of  sol t 
steel  and  curved  in  plan,  forming  a  continu  us  arch  when  closed,  and  are  sheathed 
on  both  sides.  The  distance  between  sheathing  plates  is  ;50  inches  at  the  quoin 
and  miter  posts  and  3G  inches  at  the  middle  of  the  leaf.  Their  thickness  varies 
from  tliree-eighths  inch  to  one-half  inch.  The  frame  consists  of  six  horizontal 
arches  spaced  uniformly  80  inches  between  centers  and  of  seven  vertical  frames, 
besides  the  ciuoin  and  mirer  I'osts  Four  of  the  vertical  frames  extend  only  half- 
way up  from  the  buttom  oi  the  gate. 


192  DEEP    WATERWAYS. 

None  of  the  vertical  frames  are  cont  nuous,  except  through  the  riveted  con- 
nections. 

The  pressure  at  the  (iuoin  is  transmitted  through  a  continuous  flat  steel  plate 
10  inches  wide,  hearing  directly  against  the  cut  stone.  At  the  miter  posts  the 
contact  is  through  oak  timber  with  I'i-inch  faces. 

To  determine  the  deformation  of  these  gates,  the  fol  owing  (quantities  were 
measured: 

(a)  The  change  in  the  versed  sines  of  the  two  gates  considered  as  a  continuous 
arch  between  the  hollow  quoins.  This  is  ecjuivalent  to  the  movement  of  the  miter 
jjosts  parallel  to  the  axis  of  the  lock. 

(h)  The  corresponding  movements  of  points  at  the  middle  of  each  leaf. 

((•)  The  change  in  the  versed  sine  of  each  leaf. 

((!■)  The  change  in  the  length  of  the  chord  connecting  the  (juo  n  and  miter  post. 

All  measurements  were  made  for  each  horizontal  frame  down  to  the  lower  level. 

The  changes  in  the  chord  and  versed  sines  of  the  .separate  leaves  are  small  and 
difficult  of  determination,  hence  the  measurements  (a)  and  (b)  give  more  satis- 
factory results  than  those  marked  (c)  and  ((I). 

The  method  u.sed  in  determining  the  movement  of  the  miter  posts  and  the  points 
at  the  middles  of  the  leaves  may  be  readily  understood  by  reference  to  fig.  18, 
which  shows  ground  plan^  of  the  gates  and  lock  walls,  in  which  A  and  B  are 
points  in  the  gates  whose  movements  are  to  be  measured.  They  were  marked  by 
pr  cif  punches. 

Ij,  I„,  l.^,  I^,  are  points  on  the  lock  walls  at  which  transits  were  set  up. 

I  M,  I  N,  are  base  lines  parallel  to  the  axis  of  the  lock  on  the  top  of  the  lock 
walls. 

Mp  M:,  are  points  at  each  base  line  in  which  it  is  intersected  by  a  vertical  plane 
passing  through  the  center  of  the  transit  and  the  point  A. 

N,.  N„,  are  the  corresponding  in  ersections  lor  points  B. 

The  successive  steps  in  the  measurements  were  the  following: 

The  gates  were  first  carefully  closed  so  as  to  get  a  symmetrical  mitering.  and  the 
locks  filled  to  the  level  of  the  upper  pool.  The  transits  were  then  set  up  at  I,.  !.■, 
etc..  the  points  of  intersection  M.  M,,  determined  ^both  by  direct  foresight  and 
after  double  reversing  the  instrument),  and  the  lengths  I  M  measured  with  steel 
ta.es  laid  flat  on  the  lock  walls.  These  measurements  were  taken  consecutively 
for  all  i)oints  A  on  the  different  horizontal  frames. 

The  water  in  the  lock  was  then  aLowed  to  run  out  until  it  stood  about  1  foot 
higher  than  in  the  lower  pool.  A  further  lovv'ering  it  was  found  was  liable  to 
cause  the  gates  to  open.  The  new  positions  of  a  1  points  A  were  thtn  determined 
by  finding  the  points  of  intersection  M  with  the  same  base  line  and  measuring  the 
new  distance  I  M,  etc. 

The  complee  series  of  measurements  was,  of  course,  made  in  every  case  with- 
out opening  the  gates  or  changing  the  miter,  so  that  the  defections  ootained  are 
be.ieved  to  be  true  eiastic  deflections  due  to  stress  in  the  materi-il  due  to  water 
pressure  acting  against  the  gates. 

Two  transits  were  u-ed.  (  ne  at  each  wall,  merely  in  order  to  save  time,  as  the 
work  of  each  instrninent  was  entirely  independent. 

The  measurement  for  the  points  marked  B  were  made  in  exactly  the  same  way 
as  explained  for  the  points  A. 

The  actual  horizontal  movements  of  A  and  B,  parallel  to  the  -.sis  of  the  lock, 
were  obtained  by  simple  proportion  from  the  geometric  figure  anu  the  measured 
distance  I  M  and  I  N. 

The  above  describes  the  measurements  made  in  .Tune,  18i»>^.  At 
tliis  time  observations  on  the  gate  could  be  made  <»nly  above  the 
lower  pool. 
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In  the  measurements  made  in  April,  1H09,  the  lower  jfiuird  gale  was 
closed  and  the  space  between  it  and  the  lower  lock  gate  was  i)nmpe«l 
out.  The  lock  was  tlien  filled  to  various  stages,  and  at  ea<'h  stage  of 
water  a  complete  set  of  observations  was  made,  using  the  same 
methods  as  described  above. 

The  measurements  made  at  this  time  included  those  designated 
above  as  (a),  and  a  measurement  of  the  compression  of  the  woo<l, 
which  was  accomplished  by  lowering  a  man  from  the  top  of  the  gate 
in  such  a  way  that  he  was  able  to  measure  the  distance  between  the 
prick-punch  marks  AA  at  each  horizontal  frame  for  each  stage  of 
water. 

In  both  1898  and  18!)9  very  satisfactory  results  were  obtained,  except 
those  designated  above  as  (c)  and  ((/).  The  changes  to  be  measiire<l 
in  these  cases  were  so  slight  that  they  could  not  l)e  accurately  deter- 
mined by  the  means  used. 

The  results  of  the  measurements  are  very  uniform.  Two  cases 
which  are  typical  of  them  all  will  be  given. 

Fifteen  and  one-half  feet  depth  of  water  on  the  upper  side  of  the 
gate  and  no  water  on  the  lower  is  called  water  stage  A;  37  feet  depth 
of  water  on  the  upper  side  of  the  gate  and  no  water  on  the  lower  is 
called  water  stage  B;  8  feet  depth  on  the  upper  side  of  the  gate  and 
no  water  on  the  lower  is  called  water  stage  C. 

The  abscissa?  of  the  broken  line  in  fig.  5,  plate  80,  represent  the 
measured  change  of  deflection  in  passing  from  stage  A  to  stage  B. 

The  abscissa?  of  the  broken  line  in  fig.  G,  plate  80,  represent  the 
measured  change  of  deflection  in  i^assing  from  stage  C  to  stage  B. 

The  theoretical  deflections  were  computed  in  the  same  manner  as 
in  the  example  worked  out  on  the  previous  pages  by  substituting  the 
proper  values  in  equations  (32).  In  this  case,  however,  there  is  a  de- 
flection at  the  sill,  as  is  evident  from  figs,  o  and  6.  Unfortunately,  the 
lowest  arch  observed  was  the  one  next  to  the  bottom.  Extending  the 
probable  curve  of  deflection  down  to  the  bottom,  we  get  for  the  deflec- 
tion at  the  sill  0.24  inch. 

Solving  the  equations  and  substituting  in  equations  (25),  the  theoret- 
ical deflections  are  foun<l  which  plot  into  the  curve  shown  in  fig.  5, 
plate  SO.     The  curve  shown  in  VVf!;.  0  is  obtained  in  the  same  way. 

The  modulus  of  elasticity  of  the  wood  was  determined  from  the 
computed  intensities  of  pressure  at  the  miter  and  the  measured  com- 
pression. It  was  found  that  the  timber  below  the  level  of  the  lower 
pool,  which  was  immersed  at  all  tiuies,  had  a  very  uniform  value  of 
20,000  as  a  modulus  of  elasticity,  while  that  above  the  lower  pool  had 
a  modulus  of  about  30,t)00. 

The  agreement  of  the  theoretical  deflections  with  those  actually 
measured  is  as  (dose  as  can  be  expected  and  is  very  strong  evidence 
that  the  theoretical  results  deduced  for  the  gates  desigiie(l  are  fair 
approximations  to  the  truth. 
II.  Doc.  U!) 13 
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There  are  three  factors  in  tlie  eomj)iitations  that  are  necessarily 
someAvhat  indefinite.  They  are  the  moment  of  inei-tia  of  tlie  vertical 
girder,  the  deflection  at  the  sill,  and,  if  timber  bearing  blocks  are 
used,  the  modulus  of  elasticity  of  this  timber. 

To  be  on  tlie  safe  side,  the  first  should  be  taken  large  and  the  sec- 
ond and  third  small. 

It  is  impossible  to  say  how  much  the  effective  moment  of  inertia 
will  be  reduced  by  buckling  of  the  skin  plates  and  defect  of  the  riv- 
eted joints.  If  it  be  taken  at  the  value  it  would  have  if  all  verticals 
of  the  gate  formed  one  solid  piece,  then  the  results  will  be  on  tlie 
safe  side,  as  the  greater  the  vertical  stiffness  the  greater  will  be  its 
effect. 

The  value  of  K,  or  the  deflection  at  the  sill,  depends  upon  the  man- 
ner of  placing  the  sill  timbers.  It  is  probably  on  tlie  safe  side  to 
take  K=0,  as  the  sill  timber  will  compress  considerably  under  the 
pressure  which  it  will  be  required  to  withstand. 

If  timber  is  used,  it  will  be  well  saturated  at  all  times,  and  its 
modulus  of  elasticity  or  compression  will  be  small.  In  the  computa- 
tion, the  lowest  value  obtained  from  the  measui-eiiKMils  on  the  locks 
at  Sault  Ste.  Marie  was  used. 

The  simultaneous  equations  are  easily  solved  by  the  aid  of  the  slide 
rule. 

Mr.  Henry  Goldmark  has  worked  out  this  problem,  using  the 
method  of  "least  work.''  In  his  analysis  he  has  made  the  same  gen- 
eral assumptions  as  have  been  made  in  the  foregoing  analysis,  and, 
as  should  be  expected,  his  method  gives  the  same  results. 

SHEATHING. 

The  resistance  of  plates,  supported  at  their  edges,  to  forces  normal 
to  them  is  not  well  understood.  No  satisfactory  theoretical  analysis 
of  their  stresses  has  been  made.  The  designer  must  rely  upon 
empirical  formulae,  derived  from  the  results  of  experiment,  to  guide 
hi  in  in  the  jiroportioning  of  sheathing  jilates. 

The  most  recent  well-conducted  series  of  experiments  upon  large 
test  plates  are  those  of  Prof.  C.  Bach,  of  Stuttgart. 

From  the  results  of  these  tests  formulae  were  derived  which  ai-e 
probably  the  most  reliable  of  any  in  use. 

For  flat  rectangular  steel  plates,  acted  upon  by  fluid  pressure, 
Bach's  formula  is : 

■  p 


in  which 

t  =  the  thickness  of  the  plate. 

c  =  an  empirical  factor,  depending  upon  the  manner  in  which  the 
edges  of  the  plate  are  held. 
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For  a  plate  fixed  at  the  ed^es  c  =  o.ni, 

a  =  lenirtli  of  plale  l)et\vtHMi  siii)ports. 
h  =  l)readth  of  plati^  between  supixirts. 
p=  intensity  of  fluid  pressure. 

/  =  niaxiniuni  allowable  tensile  stress  in  tiic  metal. 
This  formula  was  used  1o  determine  the  thickness  of  the  slieathing 
plates  for  all  spates.     The  results  wei-e  ehecked  ])y  various  other  for- 
mula' in  general  use. 

No  plates  less  than  tliree-eighths  inch  thiek  were  us«mI  and  none 
more  than  one-half  inch  thick  were  recjuired. 

The  sheathing  plates  are  proportioned  by  the  flat  plate  formuhi, 
although  they  are  in  reality  curved  and  thereby  derive  considerable 
additional  strength  from  arch  section. 

PIVOT. 

Details  of  the  pivots  which  are  proposed  for  use  are  shown  in  figs. 
15,  K),  17,  IS,  and  19,  plate  70;  figs.  10,  11,  12,  and  i:j,  plate  71,  and 
figs.  0  and  10,  plate  74. 

The  pivots  are  all  of  the  same  general  design,  although  a  difference 
is  made  in  the  shape  of  the  castings  in  upper  and  lower  gates  on 
account  of  the  difference  in  the  sill  contact. 

The  bearing  is  brouze  upon  polished  steel.  This  combination  has 
a  low  coefficient  of  friction,  especially  when  working  in  water.  The 
bearing  j^arts  move  very  slowly  one  upon  another,  the  maximum  rate 
of  speed  l)eing  only  0.02  foot  per  second. 

A  cast-steel  base  embedded  in  the  concrete  floor  of  the  lock  holds 
the  pivot  proper,  which  is  a  steel  forging  hemispherical  on  top. 

Bolted  to  the  gate  is  another  casting  which  holds  a  l)ronze  bushing 
or  hollow  hemispherical  cup  which  tits  the  pivot.  The  pivot  is  proi)or- 
tioned  to  take  both  the  weight  of  the  gate  and  the  horizontal  thrust. 

UPPER  HINGE. 

The  details  of  the  upper  hinge  are  shown  in  figs.  11  and  12,  plate  70. 
The  force  acting  at  the  upper  hinge  is: 

■    ii=;'w 

n 

In  which,  \V  =  weight  of  one  leaf  of  gate. 

^/=distance  from  center  of  gi*avity  of  gate  to  vertical 

fhrough  pivot  center. 
//={listance  between  upper  hinge  and  pivot. 
In  this  formula,  as  the  height  of  the  gate  increases  the  weight 
increases  in  nearly  the  same  ratio.  The  pull  upon  the  upiHM-  hinge 
does  not  differ  greatly  between  the  lightest  and  heaviest  gates  designed. 
As  an  example,  II  for  tlie  lower  gate  for  a  lock  of  40-foot  lift  is  only 
15  per  cent  more  than  for  the  lowergate  for  a  lock  of  5-foot  lift.     I'.>r 
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this  reason  little  change  is  made  in  tlie  anchor  bars,  and  none  at  all 
in  the  castings  for  the  different  gates. 

The  anchorage  consists  of  eyebars  extending  back  in  the  masonry 
to  beams  embedded  in  the  concrete.  Sufficient  masonry  is  embraced 
to  preclude  any  danger  of  movement. 

The  angle  between  the  anchor  bars  is  slightlj"  greater  than  that 
through  which  the  gate  swings,  and  they  are  so  placed  that  both  are 
alwaj's  in  tension,  thus  avoiding  reversal  of  stress  and  the  consequent 
danger  of  loosening  and  play  of  tlie  parts. 

Provision  is  made  for  adjustment  1)y  means  of  wedge-shaj)ed  keys. 

The  castings  are  of  steel  and  proportioned  for  a  very  low  unit  stress. 
1'he  anchor  bars  are  also  proportioned  very  liberally,  to  provide  for 
any  reduction  of  section  wliicli  is  likely  to  occur  from  rusting. 

SILL   CONTACT. 

Foi-  the  lower  and  intermediate  gates  tlie  sill  contact  is  made,  as 
shown  on  plate  71,  by  bolting  to  tlie  flange  of  the  lower  hoi-izontal 
frame  a  straight  timber  bearing  piece  which  closes  against  a  straight 
timber  sill. 

When  the  gates  are  closed  a  head  of  water  equal  to  the  difference 
of  level  of  the  two  sides  of  the  gate  acts  upon  the  bottom  of  the  gate, 
tending  to  lift  it.  This  lifting  effort  upon  the  lower  gates  is  but 
slightly  greater  than  the  weight  of  the  gates  themselves,  so  that  tlie 
friction  of  the  quoin  posts  in  the  hollow  quoins  will  overcome  all 
tendency  to  upward  movement.  The  coefficient  of  friction  required 
to  do  this  is  only  about  2  per  cent. 

On  account  of  this  upward  pressure  upon  the  bottom  of  the  gate, 
numerous  Web  stiffeners  are  placed  uiion  the  bottom  frame,  and  its 
lower  flange  is  strengthened  by  a  plate  extending  to  the  flange  of  the 
frame  above. 

If  the  upper  and  guard  gates  and  gates  between  locks  of  a  flight 
should  expose  so  great  a  bottom  area  as  this  to  maximum  water  pres- 
sure, the  upward  lift  w^ould  be  far  in  excess  of  the  weight  of  the  gate. 
To  meet  this  difficulty  the  bottom  frame  of  these  gates  is  made  very 
much  narrower  than  the  others  and  no  timber  bearing  piece  is  used. 
Instead,  the  heavy  steel  flange  angle  is  finished  and  bears  against  the 
sill.     This  arrangement  is  shown  on  plate  70. 

The  lower  frame  is  attached  to  the  one  above  at  intervals  by  cast- 
steel  brackets. 

A  curved  sill  is  required  for  these  gates. 

FOOTBRIDGE. 

For  the  convenience  of  the  workmen  and  others,  a  footbridge  is 
provided  upon  the  top  of  the  gate.  It  has  a  railing  which  is  remov- 
able and  built  in  short  sections,  so  that  one  man  can  handle  a  section. 
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ESTIMATES. 

In  connection  with  tlie  estimates,  it  is  appropriate  to  review  briefly 
the  conditions  whicli  pi-evail  in  tlic  struct nn*s. 

The  gates  are  of  steel,  wit  li  lioi-izontal  Iraniin*?.  The  spaces  ])etween 
the  frames  are  variable,  being  ;}  feet  3  inches  near  the  top  and  less 
than  2  feet  near  the  l>ottoin  of  the  higliest  gates. 

The  frames  are  straight  on  the  <h)wnstreain  side  and  curved  on  the 
other;  their  breadth  is  4  feet  in  gates  for  60- foot  locks  and  4^  feet  in 
gates  for  80-foot  locks.  They  are  proportioned  under  the  assumption 
that  the  center  of  pressure  at  the  miter  may  have  a  range  of  position 
8  inches  each  side  of  the  center  of  the  bearing  face.  The  maxi- 
mum stress  in  the  frames  is  10,000  pounds  per  square  inch.  The 
maximum  stress  in  the  sheathing  is  15,000  pounds  per  square  inch. 
The  minimum  thickness  of  metal  is  three-eightlis  inch.  The  minimum 
angle  used  is  .'3^x3^xf  inches.     Diameter  of  rivets  i  and  f  inch. 

Detailed  designs  and  careful  estimates  of  the  weight  of  gates  for 
about  one  hundred  and  twenty- five  different  cases  were  nmde.  These 
(comprised  single  and  double  skin,  upper  and  lower  gates  for  GO,  Go, 
and  80-foot  locks  for  a  21-foot  and  30-foot  channel,  and  lifts  varying 
from  0  to  50  feet. 

The  estimated  weights  of  the  rolled  steel  in  the  lower  gates  are  plot- 
ted on  plate  70.  Abscissas  are  the  lifts  of  the  locks  and  ordinates  are 
the  weights  of  structural  steel  in  one  leaf  of  the  gates. 

To  each  diagram  shown,  a  parabolic  curve  is  fitted  as  shown  on 
plate  79.  The  ordinates  of  the  computed  points,  with  two  exceptions, 
do  tiot  differ  more  than  2  per  cent,  and  in  these  cases  not  more  than 
3^  per  cent,  from  the  ordinates  to  the  parabolic  curves;  therefore,  if 
the  weights  of  the  gates  for  a  lock  of  any  lift  between  0  and  50  feet 
be  read  from  the  curve,  they  will  l>e  within  the  practical  limits  of 
accuracy  for  structural  steel  work. 

The  general  equation  of  these  parabolic  curves  is : 

W=ATP-|-lJII-fC     .     .     .  (35) 

in  which  W  is  the  net  weight  in  pounds  of  the  structural  steel  in  one 
leaf  of  the  lower  gate  of  a  lock,  the  lift  in  feet  of  which  is  H.  A,  B, 
and  C  are  constants  dependent  upon  the  width  of  the  lock  and  depth 
of  water  on  sill. 

The  e<iuations  of  weight  of  lower  gates  for  80  and  (50  foot  locks  ai*e — 

For  ,^0-f()ot  lock,  30  feet  depth  of  water  on  sill,  W=85n2+3()O0H4- 

1300tX). 
For  80-foot  lock,  21   feet  depth  of  water  on  sill,  AV=83IP+3ni()n  + 

103000. 
Foi- I'.ti-tooi  lock.  :;ii  t'fti  depth  of  water  on  sill,  W  =;;>.>:.  1 1  -j-:;i  M.tn  + 

10G5(»0. 
For  GO-foot  lock,  21  feet  depth  of  water  on  sill,  W  =  3f<.7GlI--f  2713II  + 

80500. 
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The  wei^2:ht  of  a  lower  gate  for  any  particular  width  and  lift  of  lock, 
butof  varying  "dei)tli  on  sill,"  may  be  written:  W=K  +  CT),  in  which 
K  represents  the  weight  of  that  part  of  the  gate  above  the  surface  of 
the  lower  jiool  plus  that  j^art  below  the  top  of  the  sill,  and  C  is  the 
weight  per  vertical  foot  of  that  part  of  the  gate  Ijetween  the  surface 
of  the  lower  pool  and  the  sill,  and  T)  is  the  depth  in  feet  of  the  water 
on  sill. 

It  is  evident  from  the  nature  of  the  design  that  this  form  of  equation 
is  correct,  because  the  water  pressure  per  vertical  foot  upon  the  gate 
below  the  lower  pool  is  constant,  and  therefore  the  horizontal  fi-ames, 
their  spacing,  the  quoin  and  miter  posts,  the  verticals  and  sheathing 
are  all  uniform  from  the  surface  of  the  lower  pool  to  the  sill. 

Making  A,  B,  and  C  linear  functions  of  D  and  determining  con- 
stants, we  have — 

For  8()-foot  lock  W  =  (78.;};}+.222D)ir^+(l(;:};}.o-|-Go.55D)Il4-(40000-f 

:5()O0D)     .     .     .  (:jG) 

For  OO-foot   lock  W  =  (8o. 55+. 01D)II2+(2()22.<;+;}i'.SSD)II  +  (10S(JO+ 

2S88D)     .     .     .  (37) 

These  ai'e  the  equations  of  the  two  series  of  curves  shown  on  plate 
79. 

These  fonnuUe  and  cuj-ves  apply  to  u])])('r  and  guai-d  gatfs  as  well 
as  to  lower  gates. 

II  is  to  be  taken  as  the  maximum  head  of  water  acting  upon  the 
gate.     For  lower  gates  this  is  the  maximum  lift  of  the  lock. 

In  the  designs  all  upper  gates  were  proportioned  the  same  as  guard 
gates. 

By  the  use  of  either  the  equations  or  the  curves  the  weight  of  struc- 
tural steel  in  one  leaf  of  a  gate  within  limits  previously  mentioned 
may  be  found.  To  this  must  be  added  the  matei-ial  in  pivot  and 
upper  hinge  details,  given  on  plate  79. 

These  are  the  equations  which  are  especially  intended  for  use  in 
making  the  estimates  of  the  gates  for  the  locks  of  the  various  deep 
waterway  routes  investigated  l)y  the  Board.  Twenty-one  and  30-foot 
channels  only  are  proposed  for  the  deep  waterway,  yet  the  depth  of 
water  on  sill  varies  widely  for  different  cases  on  account  of  varying 
flood  water  and  other  local  conditions;  otherwise  the  diagrams,  fig. 

I  on  plate  79,  might  be  used  to  get  the  weight  of  the  gates. 

The  curves  on  plate  79  w^ere  used  to  make  the  estimates  for  all  the 
gates  for  the  proposed  deep  waterway,  except  those  between  locks  of 
a  flight.  These  estimates  are  included  in  the  general  estimates,  which 
may  be  found  in  the  reports  of  the  various  assistant  engineers. 

The  gates  between  the  locks  of  a  flight  are  made  the  subject  of  spe- 
cial detailed  estimate,  since  they  do  not  come  within  the  limits  of 

II  =  0  and  II  =  50.     In  the  flight  of  40-foot  lift  locks  H  is  as  great  as 
77  feet. 
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Tlie  [H'incipal  oh.jcci  of  all  tlu'  work  (lone  u[)on  tlic  suhji'ct  <*i'  lock, 
gates  was  altaiiuMl  when  ('<|ual.i<ms  (W)  and  ('57)  w<mv  <U'V(*loj)e<l  and 
estimates  for  the  proposed  work  had  Iwen  obtained  from  them.  As  a 
matter  of  i^eneral  interest,  however,  the  work  was  cai'ried  somewhat 
fnrtlier. 

Numerous  diagrams  were  plotted,  weights  of  gates  being  ordinates 
and  widths  of  locks  being  abscissas.  The  lift  of  lock  and  depth  of 
water  on  sill  remained  the  sam«?  for  each  diagram.  It  was  found  that 
the  points  plotted  in  these  diagrams  fitted  parabolic  curves,  or,  in 
other  words,  for  any  given  lift  of  lock  and  depth  of  water  on  sill: 

W  =  E  ?/^-f-F /y+G     ....  (:JS) 

in  which  J>  is  the  width  of  the  lock  and  E,  F,  and  G  are  certain  con- 
stants depending  upon  the  lift  of  lock  and  depth  of  water  on  sill. 

This  might  have  been  expected,  since  certain  parts  of  the  gate,  such 
as  the  flanges  of  the  horizontal  frames,  increase  as  the  s(j[uare  of  the 
span  and  certain  other  parts  of  the  gate,  such  as  the  sheathing,  increase 
directlj^  as  the  Avidth,  and  certain  other  parts,  such  as  the  posts,  do  not 
vary  at  all. 

The  three  equations  representing  the  weight  of  single  skin  gates  for 
60,  Go,  and  80  foot  locks,  with  30- foot  depth  of  water  on  sill,  are: 

80-foot  lock,  30-f()ot  depth  on  sill  W=8o  L^-f  3600  L+ 130000 
65-foot  lock,  30-foot  depth  on  sill  W  =  -t7.lL>  L-^-f  3250  L-f  109700 
60-foot  lock,  30-foot  depth  on  sill  W  =  38.85  L'^-f  3009  L-f  106500 

The  only  form  of  equation  that  will  satisfy  the  conditions  of  both 
equations  (35)  and  (38)  is: 

W  =  {dh^^H  b+f)  U'-\-{(jlr+h  h  +  k)  II+O'  lr+>'i  ''+'0     •      •        i'-"'^) 

ill  which  any  constant  may  vanish.     We  now  have: 

6400  ^/4-80  e-\-f=So 
4225  J+65e+/=-t7.12 
3600  f/+60  e4-/=38.85 

from  which  we  have  </=. 04.3(5  e=  —  3.796/=109.65.  In  like  manner, 
(J,  ]i,  k,J,  in,  and  At  may  be  found  and  substituted  in  the  general  eciua- 
tion  (26).  We  then  have  tlie  general  equation  for  the  weight  of  one 
leaf  of  a  single  skin  gate  foi*  varying  widths  and  lifts,  but  foi-  a  con- 
stant depth  of  water  on  sill  of  30  feet: 

W=  (.04366^  -  3.796/>  -f  109.65)  IV  +  (-  1.243//'  +  203.5/>  -  4725)  II  + 
35.666^2  —  38186  +  207200. 

Procee<ling  in  the  same  way  with  the  gates  for  21  feet  de])th  on  sill, 
we  have  for  the  weight  of  one  leaf: 

W=  (.0388/>-'  -  3.226  +  92.28)  IP  +  (-.703/r  +  1 13.36  -  1553)  11  -f  156-' 

—  9756  +  850(.X). 
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As  before,  we  know  from  the  nature  of  the  design  that  the  weight 
of  a  gate  is  a  rectilinear  function  of  I),  tlie  depth  of  water  on  sill. 
We  may,  then,  combine  the  above  equations  into  a  general  equation 
giving  the  weight  of  a  single  skin  gate  for  any  depth  of  water  on  sill, 
widtli  and  lift  of  lock  within  limits. 

We  then  have : 

W  =  [(.()0053.3D  +  .027(\)h'^  +  (-  .()04D  -  1.876)6  +  1.93D  +  51.75]  IP 
+  [(-  .OGD  +  .557)1/^  +  {U).0-2-2D  -  (»7.1G)6  -  352.441)  +  5848.-3]  II 
+  [(2.20GI)  — 33.215)//-^+  (  —  315.891)+  5058.0)6 +13577D-2001O0]. 

Ill  whicli 

W  =  the  weight  in  pounds  of  the  structural  steel  in  one  leaf  of  a 

single  skin  mitering  gale  with  horizontal  framing,  straight  on 

the  downstream  side. 
h  =  the  breadth  of  the  lock  in  feet. 

II  =  the  maximum  head  in  feet  of  water  acting  upon  the  gate. 
I)  =  the  depth  on  sill,  or  depth  in  feet  above  the  top  of  the  sill  of 

the  water  on  the  downstream    side  of  the   gate  when   head 

II  acts. 


gates  was  developed: 

W  =  [(.00053D  +  .0276)/)=^  +  (-  .0G4D  -  1.870)6  +  (l.!)3I)  +  51.75)]  IP 
+  [(-  .001)  +  .3833)62  +  (10.033D  -  08.71)6  +  (  -353D  +  5107)]  H 
+  [(2.044D  -  2<).0)62+(-274.(i71)  +  5121.47)6  +(12333l)-17!»00O)]. 

The  caution  may  be  again  repeated  that  these  equations  are  empir- 
ical and  should  not  be  used  outside  of  the  limits  of  the  data  from  which 
they  were  derived;  that  is,  they  should  not  be  used  for  values  of  L 
gi'eater  than  50  feet,  nor  for  6  greater  than  say  85  feet,  nor  less  tlian 
sa}'  55  feet.  From  the  nature  of  the  design,  D  may  be  almost  any- 
thing. 

BIBLIOGRAPHY   OF   ARTICLES   ON   MITERING   LOCK   GATES. 

(A)  General  Hydraulic  Text-Books  and  other  Works  Containing 
Chapters  on  Lock  Gates, 

M.  Becker.     Der  Wasserbau.     Stuttgart,  1801. 

An  excellent  text-book  with  a  good  general  discussion  on  lock  gates.  Plans  are 
given  of  the  timber  gates  for  the  100-foot  lock  in  the  Canada  docks,  Liverpool. 
Built  18.j3-18.-)8. 

G.  llagen.  Handbuch  der  Wasserban-Knnst  (2ter  Theil,  3ter  Band). 
Schiffahrts  canaele,  Berlin,  1874. 

A  standard  German  work  on  liydraulic  engineering.  Contains  an  historical 
account  of  the  development  of  locks  and  a  description  of  the  details  of  small  gates 
as  built  in  different  countries. 
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Of  larger  gates,  the  following  are  described  and  in  part  illustrated  by  i»laii.s.  viz: 

Chfcrbourg  Harbor.  Width  of  lock  equals  ."m  feet.  Timber  gates  built  near  the 
beginning  of  this  century. 

Coburg  dock,  Liverpool.     Width  of  lock  equals  08  feet.     Timber  gates. 

Canal  lock,  near  Mnlhouse  { Alsace) ,  17  feet  wide.  These  were  the  first  wrought- 
iron  gates  built  on  the  Continent  (1845). 

Brenierhafen  docks,  1848.  Width  of  lock  eijuals  Tfi  feet.  The  first  large 
•wrought-lron  gates  built  in  Germany. 

Geesteniunde  docks.  Width  of  lock,  74.G8  feet.  Wrought-iron  gates,  built  in 
1861. 

Willem  III  lock  (Holland).  Wrought-iron  gates,  built  in  1861-1865.  Width  of 
lock  e<iuals  "iS  feet. 

Charenton  lock,  France.  Small  wrought-iron  gates.  Built  in  1865.  Width  of 
lock  equals  25.5  feet. 

L.  Franzius.  Der  Wasserbau.  Btn-liii,  i.Sl'O.  C  oiilaiu.^  a  sliori  l)Ut 
excellent  chapter  on  lock  gates. 

L.  Brennecke  (chapter  on  locks)  in  Der  "Wasserbau.  (Ill  Band  d. 
Handbnch  der  Ingenieur  wissenschaften)  2te  Abtheilung  2te  Ilalfte. 
Schleiisen,  Schiffahrts  Kanaele.     Leipzig,  W.  Engelmann,  1895. 

Latest  German  treatise  on  hydraulic  engineering.  The  chapter  on  locks  is 
written  by  the  designer  of  the  lock  gates  on  the  North  Sea — Baltic  Canal. 

It  contains  a  very  full  discussion  of  the  entire  subject,  including  the  theory  of 
stresses  and  many  detailed  plans. 

The  following  large  gates  are  described  and  illustrated: 

Canada  docks  (Liverpool) :  Timber  gates,  built  1853-1858.  Width  of  lock  ecjuals 
100  feet. 

Transatlantique  docks  (Havre):  Timber  gates,  built  in  1862.  Width  of  lock 
equals  100  feet. 

Antwerp  docks:  Timber  gates.     Width  of  lock  eijuals  80  feet. 

Willemsvord  docks  (Holland):  Wrought-iron  gates. 

Amsterdam  Ship  Canal:  Wrought-iron  gates.     Width  of  lock  equals  59  feet. 

Geesteiniinde  docks:  Wrought-iron  gates.     Width  of  lock  eqiials  74.68  feet. 

North  Sea,  Baltic  Canal:  Steel  gates.     Width  of  lock  equals  82  feet. 

A.  Debaiive.  Navigation  Fluviale  et  Maritime.  (Manuel  de  I'lngen- 
ieur  des  Fonts  et  Chaussees  19  erne  Fascicule).  Paris  (Dunod).  1S7S, 
795  pages  and  atlas. 

Standard  French  treatise.  Has  a  detailed  discussion  on  lock  gates,  including 
the  theory  of  stresses  as  based  on  Chevallier's  experiments  and  Lavoinnes's  mathe- 
matical investigations. 

Description  and  plans  of  the  following  large  gates: 

Havre  (Transatlantique  docks):  Timber  gates.     Width  of  lock  equals  100  feet. 

Dunkirk  dock:  Timber  gates.     Width  of  lock  equals  68.0  feet. 

Diep])e  Du(iuesne  do;k:  Timber  gates.     Built  in  1869. 

Fecamp  docks  (compound  gates  of  timber  and  iron):  Width  of  lock  equals  54.1 
feet. 

Boulogne  docks  (iron  gates):  Built  in  1866.     Width  of  lock  equals  68.9  feet. 

Amsterdam  Ship  Canal  (iron  gates):  Built  in  18T4.  A\'idth  of  lock  f(iuals  59 
feet. 

P.  (Tuilleniain.  Navigation  interieure.  Kivieres  I't  Canaux.  (Hn- 
cydopedie  des  Travaux  Publics)  Paris.  (Baudrv  et  CitO  1S85.  Tome 
II,  p.  32  to  97.     Chapter  on  lock  gates. 
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The  general  subject  is  discussed  and  many  small  wooden  jjates  are  illustrated 
and  described. 

The  most  valuable  feature  of  this  book  ia  the  account  given  of  the  author's 
experiments  with  models,  showing  the  effect  on  the  distribution  of  pressures  of 
spacing  the  horizontal  girders  in  a  gate  in  various  ways. 

A  mathematical  theory  is  also  developed  by  which  the  loading  on  each  horizon- 
tal can  be  approximately  obtained. 

F.  Laroche.  (Ports  Maritimes.)  (Ency eloped ie  des  Tvavaiix  Pub- 
lics.) Paris.  (Baudry  et  Cie)  189.3.  Tome  I,  p.  185.  Chapter  on 
look  gates. 

This  treatise  gives  the  general  theory  rather  than  special  designs. 

In  the  appendixes,  detailed  calculations  of  the  stresses  in  two  gates  are  given, 
one  of  them  based  directly  on  Chevallier's  experiments  with  models  and  the  other 
on  Lavoinne's  formulte  for  the  distribution  of  stresses. 

C.  Colsoii.  Notes  on  docks  and  dock  construction.  London  (Long- 
mans, Green  &  Co.),  1894. 

This  book  gives  the  views  of  an  experienced  engineer  on  various  topics  rather 
than  a  systematic  exposition.  In  the  chapter  on  lock  gates,  various  mooted  (iues- 
tions  in  gate  design  are  taken  ap  from  a  practical  standpoint. 

Plans  of  the  following  gates  are  given: 

Dunkirk  docks  (wrought  iron) :  Width  of  lock  equals  69  feet. 

Amsterdam  Ship  Canal  (wrought  iron):  Width  of  lock  etiuals  59  feet. 

Avonmouth  docks:  Timber  gates.     Width  of  lock  etjuals  70  feet. 

Whitehaven  docks:  Timber  gates.     Width  of  lock  etjuals  50  feet. 

Barry  docks:  Wrought  iron.     Width  of  lock  equals  80  feet. 

San  Fernando  docks,  Buenos  Ayres:  Wrought  iron.  Width  of  lock  eciuals  04 
feet. 

West  India  docks:  Wrought  iron. 

Alexandria  docks,  Hull:  Timber  gates. 

In  the  appendix  the  stresses  are  treated  graphically. 

Charles  B.  Stuart.  The  Naval  dry  docks  of  the  United  States.  New 
York,  1852. 

Gives  plans  and  description  of  60-foot  dock  gates  in  Brooklyn  Navy-Yard,  prob- 
ably the  first  large  gates  built  entirely  of  wrought  iron. 

Chief  of  Engineers,  United  States  Army.     Annual  Report  for  1895. 

Contains  reports  on  the  steel  gates  for  the  100- foot  Poe  lock  at  Sault  Ste.  Marie, 
Mich.,  viz: 

Page  3024.  Report  on  inspection  by  David  Molitor,  United  States  assistant 
engineer. 

Page  3028.  Descriptive  memoir  of  the  lock  gates  and  methods  of  calculating  the 
stresses,  by  Capt.  H.  F.  Hodges. 

Page  3041.  Distortion  of  steel  gates,  by  David  Molitor,  United  States  assistant 
engineer. 

Chief  of  Engineers,  United  States  Army.     Annual  Report  for  1897. 

Page  2975.  Report  on  the  machinery,  by  F.  M.  Dunlap,  United  States  assistant 
engineer. 

J.  Fuelscher.  Der  Bau  des  Kaiser  Wilhelm  Kanals.  Berlin,  1898. 
(North  Sea-Baltic  Canal.) 

The  large  lock  gates  at  Holtenau  and  Brunsbuettel  (82  feet  width  of  lock),  as 
well  as  the  smaller  structures,  are  described  in  detail  and  illustrated. 
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Encyclopedia  IJritaimica,  ninlli  edition.      (Artie)*',  harbors.) 

Drawings  of  the  timber  gates  for  the  Great  Qriiiisby  dock  (width  of  lock 
equals  TO  feet)  and  of  the  wrought-iron  gates  in  the  Victoria  dock,  London 
(width  of  lock  ecinals  80  feet),  are  given. 

(B)  Special  Monograph.s  t^>.N  Lut.K  Gatk.->. 

Sylvain  Perisse,  Etude  .siir  les  i^ortes  d'ecluse  a  la  nier  en  !•  ranee 
et  en  An,i>leterre.     Paris,  1872.     pp.  !»!). 

A  reprint  in  book  form  from  Memoires  des  ingenieurs  civila,  1872. 

An  excellent  theoretical  and  practical  essay  on  lock  gates  in  general,  with 
detailed  description  and  plans  of  most  of  the  following  gates: 

Timber  gdtcs. — Dunkirk,  185fi,  width  of  lock  equals  68.88  feet:  St.  Nazaire, 
18.36-1859,  width  of  lock  equals  81  feet;  Havre,  1863,  width  of  lock  equals  100  feet; 
Dieppe,  1871,  width  of  lock  equals  .14.12  feet;  Fecamp,  186.j,  width  of  lock  equals 
54.12  feet;  Boulogne,  1866-67,  width  of  lock  equals  68.88  feet;  Great  Grimsby. 
1848,  width  of  lock  equals  70  feet;  Canada  docks,  Liverpool,  1857,  width  of  lock 
equals  100  feet. 

Wrought-iron  gates. — Brooklyn  Navy- Yard,  1847,  width  of  lock  equals  60  feet; 
Victoria  docks,  London,  18.57.  width  of  lock  equals  80  feet:  Jarrow  docks  (Tyne), 
1858,  width  of  lock  equals  80  feet;  Limehouse  docks,  width  of  lock  equals  60  feet; 
Surrey  docks,  width  of  lock  equals  50  feet;  Boulogne  docks,  1867,  width  of  lock 
eqiaals  68.9  feet;  Havre  docks,  1871,  width  of  lock  ecjuals  52.5  feet. 

This  essay  covers  the  ground  very  well  up  to  1872.  The  series  of  articles  on 
dock  gates  published  in  The  Engineer  in  1873  are  practically  a  translation  of  this 
paper. 

Harry  F.  Ilod^es.  First  lieutenant,  Corps  of  Engineers,  I'nited 
States  Army.  Notes  on  Mitering  Lock  Gates.  Washington,  (rovern- 
ment  Printing  Office,  1892,  132  pages,  7  plates.  (Professional  Papers 
of  the  Corps  of  Engineers,  United  States  Army,  No.  2r).) 

This  is  one  of  the  best  papers  on  lock  gates.     It  treats  very  fully  of  the  stresses 
in  all  the  members  and  develops  a  practical  method  for  correct  designing. 
Plans  of  the  following  gates  are  given: 

Boulogne  dock  (iron  gates),  1860,     Width  of  lock  equals  68.88  feet. 
Havre  (Transatlantique  dock),  iron  gates,  1866.     Width  of  lock  equals  100  feet. 
Tyne  docks  (iron  gates),  1857.     Width  of  lock  ecjuals  80  feet. 
Barry  docks  (wrought-iron  gates).  1899.     Width  of  lock  eijuals  80  feet. 
Avonuioiath  doiks  (timber  gates),  about  1877.     Width  of  lock  equals  70  feet. 
St.  Marys  Falls  Canal  (timber  gates),  1881.     Width  of  lock  equals  60  feet. 
Chareuton  dock  (iron  gates),  1865.     Width  of  lock  equals  25.5  feet. 

Theodor  Landsberg.  Die  eisernen  Stemmthore  der  Schiffschleusen. 
Leipzig,  W.  Engelmanu,  1804.  (Fortschritte  der  Ingenieurwissen- 
sehaften,  2te  Gruppe.) 

This  monograph  on  metallic  mitering  lock  gates  is  of  considerab'e  value,  but 
apparently  not  the  work  of  a  practical  designer.  Many  of  the  calculations  given 
are  of  little  value. 

Descriptions  are  given  of  the  gates  for  the  100-foot  lock  at  Havre  an«l  for  the 
second  Harbor  entrance  at  Wilhelrashafen. 

G.  Weitzel.     IJrevet  major-general,  Tnited  States  Aiiny.     (  (ui>iiuc- 
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tioii  of  iron  lock  gates  for  the  harbors  of  the  AVeser  Kiver,  Germany. 
Washington,  D.  C,  1873. 

Translation  of  German  notes  and  plans  of: 

Bremerhafen  dock  gates,  bnilt  in  1848.     Width  of  lock  equals  76  feet. 
Bremerhafen  dock  gates,  proposed  in  1872.     Width  of  lock  eciuals  CO  feet. 
Geestemiinde  dock  gates,  built  in  1861.     Width  of  lock  equals  74.68  feet. 

Edouard  Widmer  and  Henry  Desprez.  Port  dn  Havre.  Memoire 
svir  les  nouvelles  portes  en  tole  de  I'ecluse  des  transatlantiques.  Paris 
(Dnnod),  1887. 

Reprinted  from  Annales  des  Fonts  et  Chaussees,  1887. 

It  gives  a  full  account  of  the  design,  calculation,  tests  of  material,  etc..  of  the 
wronght-iron  gates  for  the  100-foot  lock  at  Havre. 

li.  Desprez.  Port  dn  Havre.  Notice  sur  le  IJassin  Bellot.  Paris 
(Dnnod),  1889,  07  pages. 

Reprinted  from  Annales  des  Fonts  et  Chaussees,  1889. 

Full  plans  and  description  of  the  wrought- iron  gates  lor  a  lock  100  feet  wide. 

(C)  Feriodicals  and  Transactions  of  Engineering  Societies. 

Institution  of  Civil  Engineers  (London).     Transactions  (4to). 

Vol.  1.  1836.  Barlow.  An  early  article  on  lock  gates.  Of  much  interest,  but 
containing  some  mistakes. 

Minutes  of  Froceedings  (8  vo.). 

Vol.  6,  1847,  page  47.  Sebastopol  locks.  Btiilt  bj'  Rennie.  Flans  and  descrip- 
tion of  gates  for  lock  64  feet  wi(":e.     Cast-iron  frame  and  wrought-iron  plating. 

Vol.  15. 1855.  Sunderland  docks.  Flans,  but  no  description,  of  gates  with  cast- 
iron  frame  and  timber  sheathing. 

Vol.  18,  1858.  Kingsbury.  Wrought-iron  gates  for  lock  80  feet  wide  for  Vic- 
toria docks,  London.  Excellent  paper.  Insists  on  greater  economy  of  arched 
gates,  reasoning  inconclusive. 

Vol.  31,  1870.  Browne.  Strength  of  lock  gates.  Mathematical  discussion  of 
stresses  in  a  wrought-iron  horizontal  gate  girder  of  the  most  general  form.  Very 
complex,  but  gives  results  no  better  than  simple  graphical  method. 

Vol.  34,  1871-72.  H.  Vernon  Harcourt.  Wrought-iron  gates  for  South  dock, 
West  India  docks.     Width  of  lock  equals  55  feet. 

Vol.  55.  1878-79,  page  54.  In  discussion  on  Whitehaven  docks.  Browne  eluci- 
dates his  opinions  further. 

Vol.  58,  1878-79.  Blandy.  Dock  gates.  Good  theoretical  analysis  (also  by 
graphics)  of  stresses  in  wrought-iron  and  timber  gates. 

Vol.  59,  1879-80.     Discussion  on  Blandy"s  paper. 

Vol.  63,  1879-80.  Hayter  expresses  his  opinion  on  the  value  of  eccentricity  at 
quoin  post. 

Vol.  70,  1881-82.  Bo'ness  Harbor.  Flan  and  brief  description  of  timber  gates 
for  a  lock  50  feet  wide. 

Vol.  92,  1887-88,  page  153.  Alexandra  do<:k,  Hull.  Flans  and  description  of 
tiTiiber  gates  for  a  lock  85  feet  wide. 

Vol.  97,  1888-8i),  pa;?e  336.  W.  J.  Hall.  Steel  gates  for  Limerick  floating  dock. 
Width  of  opening  equals  70  feet. 

Vol.  101,  1889-90,  page  139.  Barry  docks.  Brief  description— no  plans— of 
wrought-iron  gates  for  lock  80  feet  wide.     Machinery  described  in  detail. 

Vol.  107.  1891-92.  MoncrieflP.  Good  practical  paper  on  lock  gates,  by  a  man 
who  has  built  many  modern  gates. 
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The  Enj^ineer  (London). 

December  27,  18(5!.  The  (Trangemontli  dock,  by  Jaiufs  Mihie.  hetails  ui  tim- 
ber gates  for  lock  2~)  feet  wide. 

January  22.  ISJJO.  Avonmouth  dock.  Bristol.  Timber  gates  for  lock  »'<  feet 
wide.     Large  inset  sheet  of  details. 

September  10.  18(5!).  ^Millwall  lock  gates.  Brief  description  and  general  plans 
of  wrought-iron  gates.     Each  leaf  is  42  feet  long  by  31  feet  high. 

February  7.  14,  28.  March  21.  April  11,  May  2.  June  (',,  20.  July  18,  October  10, 
1873.  "On  the  construction  of  dock  gates."  An  excellent  series  of  articles,  based 
largely  on  M.  Perisse's  paper.  i)ublished  by  the  French  Society  of  Civil  Engineers, 
in  1872.     The  drawings  in  Perisse's  article  are  also  reproduced. 

November  21,  1884,  and  January  30,  188.").  C.  H.  Romanes.  "The  strains  in 
circular  lock  gates."    The  theory  here  given  is  (juite  inadequate. 

April  1,  1S92.  E.  Duncan  Stoney.  ••  Distribution  of  beams  in  lock  gates."  A 
graphic  method  for  proportioninn'  the  horizontal  girders  so  that  the  leading  shall 
be  the  same  on  each  girder.     (Of  no  special  value. ) 

Civil  Engineer  and  Architects'  .Journal.     (London.) 
1861,  page  87.     Grangemouth  docks.     Plans  of  gate  for  lock  2.j  feet  wide,  same 
as  described  in  Engineer  for  December  27,  1801. 

Engineering  News.     (New  York.) 

March  28,  189.j.  Lock  at  Sault  Ste.  Marie.  Ontario  (Canadian  lock).  Plans  of 
operating  machinery  moved  by  electricity. 

October  21,  1897.  Cascade  lock  (Columbia  River).  Photograph  and  descrip- 
tion.    No  drawings. 

July  9,  18(59.  Kings  Lynn  dock.  Plans  and  description  of  timber  gates  for  a 
lock  50  feet  wide. 

February  25,  1870.  Keefer.  Plans  and  description  of  solid  timber  gates  with- 
out posts,  used  on  the  Welland  and  other  Canadian  canals. 

October  IC,  1874.  Middlesborough  docks.  Wrought-iron  gates.  24  feet  high  by 
35  feet  long. 

October  8, 1875.  Alexandra  docks,  Newport.  Plans  and  description  of  wr>  )ught- 
iron  gates  for  a  lock  65  feet  wide. 

March  21,  1879.  Ayr  dock.  Plans  and  description  of  tim^ber  gates  for  a  lock  GO 
feet  wide. 

April  8  and  May  6,  1881.  Sunderland  dock.  Plans  and  description  of  timber 
gates  for  lock  tS5  feet  wide. 

December  1.  1882.  Grangemouth  dock.  Plans  and  description  of  timber  gates 
for  a  lock  55  feet  wide. 

January  26.  1894.  Manchester  Ship  Canal.  Timber  gates  for  locks  30,  45,  50, 
65,  and  80  feet  wide.     Descriptions  and  photographs,  but  no  plans. 

October  12,  26,  November  9.  1894.  West  India  docks.  Plans  and  description 
of  wrought-iron  gates  lor  a  lock  60  feet  wide. 

June  21,  28.  July  5,  12,  1895.  North  Sea-Baltic  Canal.  Plans  and  description 
of  steel  gates  for  the  large  locks  82  feet  wide,  and  of  fan  gates  for  a  lock  39.4  feet 
wide. 

January  31  and  February  14,  1896.  Lady  Windsor  dock.  Barry.  Plans  and 
description  of  wrought-iron  gates  for  lock  65  feet  wide. 

September  2, 1898.  Glasgow  graving  dock.  Plans  and  description  of  steel  gates 
for  a  lock  83  feet  wide. 

Annales  des  Ponts  et  Chaussees. 

1832.     II  Semestre,  page261.    AcoUas.    Canal  de  Berry.    (Small  cast-iron  gates. ) 

1849.  II  Semestre,  page  177.     Early  wrought-iron  gates  at  Mnlhouse,  Alsace. 

1850.  1  Semestre,  pages  309-356.     V.  '^^hevallier,  Recherches  experimentales 
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des  portes  d'ecluses.  (Classic  experiments  on  models  showing  relative  deflections 
of  horizontal  and  vertical  girders  in  lock  gates. ) 

1852.  I  Semestre,  page  2'hi.  Feburier.  (Tests  made  on  the  deflections  of  a 
timber  "horizontal "'  in  the  St.  Malo  lock  gate. ) 

1861,  I  Semestre.  page  113.  La  Ferme.  (On  a  method  of  unshipping  a  large 
lock  gate.) 

1865.  1  Semestre,  page  139.  Malezieux.  Description  and  plans  of  small 
wrought-iron  gate  at  Charenton. 

1866.  I  Semestre,  page  126.  Lermoyoz.  Sur  le  merite  comparatif  des  portes 
d'ecluses  en  bois  et  des  portes  en  metal.  (Gives  reasons  for  preferring  wooden 
canal  lock  gates  to  metallic  ones. ) 

1867.  I  Semestre,  pages  321-430.  Lavoinne.  Memoire  sur  la  flexion  des  entre- 
toises  et  du  bordage  dans  les  portes  d'ecluses.  (Classic  work,  awarded  a  prize  of 
300  francs;  gives  mathematical  analysis  of  strains  in  horizontal  and  vertical 
girders  in  gates. ) 

1868.  II  Semestre,  page  339.  Cambuzet.  Note  comparative  sur  les  portes  en 
metal  et  en  bois  qn\  existent  aux  ecluses  du  canal  du  Nivernais.  (Describes  acci- 
dent to  cast-iron  gates.    Prefers  timber, ) 

1869.  II  Semestre.  pages  81-102.  Carlier.  Portes  d'ecluses  du  Port  de  Fecamp. 
(Combined  timber  and  iron  gates  for  a  lock  53  feet  wide.) 

1881.  I  Semestre,  page  540.  Boutan.  L'appareil  hydraulique  des  portes 
d'ecluse  a  Bordeaux.     (Calculations  and  plans  of  hydraulic  machinery.) 

1887.  II  Semestre.  pages  411-463.  E.  Widmer  and  H.  Desprez,  Port  du  Havre. 
Nouvelles  portes  en  tole  d'ecluse  des  transatlantiques.  (Full  plans  and  descrip- 
tion of  the  wrought-iron  gates  for  lOO-foot  lock.)     Also  published  in  book  form. 

1887.  II  Semestre,  pages  704-756.  Galliot.  Etude  sur  les  i)ortes  d'ecluses  en 
tole.  (Excellent  mathematical  investigation  of  (1)  strength  of  flat  iron  plates: 
(2)  relative  stresses  in  the  different  horizontal  and  vertical  girders  in  a  gate.  This 
is  same  problem  as  treated  by  Lavoinne  in  1867.) 

1888.  I  Semestre.  page  1018.  Laroche.  Methode  elementaire  pour  calculer  la 
resistance  des  portes  d'ecluse.  (Elementary  investigation  of  stresses.  Not  very 
valuable. ) 

1889.  I  Semestre.  pages  5-97.  Desprez.  Le  Bassin  Bellot.  (Excellent  plans 
and  description  of  iri)n  gates  for  a  lock  98.4  feet  wide.)  Also  published  in  book 
form. 

1892.  I  Semestre,  pages  633-801.  Maurice  Widmer.  Canal  du  Havre  ii  Tan- 
carville.  (Excellent  plans  and  calculations  for  wrought-iron  gates  for  lock  52i 
feet  wide.) 

1892.  II  Semestre,  page  783.  A.  Fontaine.  Les  Ecluses  h  grande  chute  (5.2 
m.)  du  Canal  da  Centre.     (Interesting  small  gates  with  buckled  steel  covering.) 

1893.  II  Semestre.  page  44.  Maurice  Renard.  Nouvelles  ecluses  du  Canal  St. 
Denis.  (Single  skin  gates  for  lock  27  feet  wide,  with  32i  feet  lift,  small  but 
interesting. ) 

1895.  I  Semestre,  pages  4.59-602.  C.  de  Franchimont.  Note  sur  la  construction 
du  3  erne  bassin  a  flot  da  Rochefort.  (Excellent  account  of  gates  and  machinery. 
Reasons  for  preferring  ••  horizontal''  system  of  girders.) 

MEMOIRS   DE   LA  SOCIETE   DES  INGENIEURS  CIA'ILS. 

1872.  Pages  319-415.  Sylvain  Perisse.  Etude  sur  les  portes  d'ecluse  a  lar  Mer 
en  France  et  en  Angleterre.  (Excellent  essay  on  dock  gates.  Reprinted  as  a  book. 
Paris,  1873.) 

PORTEFEUILLE  ECONOMIQUE   DES  MACHINES. 

1883.  July,  page  102.  Appareils  de  Manoeuvre  des  portes  et  des  ventelles  des 
ecluses  double  du  Canal  du  Nord  sur  Paris.  (Plans  and  description  of  operating 
machinery  and  valves  for  small  locks.) 
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TRAVArX    DR   VACANCE    (fccOLE   CEXTRALE). 

Port  du  Havre.  Porte  decluse  gome  Bassin.  (Two  sheets  of  illustrations:  no 
text. ) 

ZEITSCHRIFT   DES   HANNOVERSCHEN   ARCHITEKTEN    UNI)    INOEXIEURVEREINS. 

1852-53,  page  339 :  1853-54,  page  241.  Ruhlmann.  (Short  mathematical  stndy 
on  most  economical  sill  angle.     No  special  value. ) 

1855.  page  4T5,  H.  Huebbe.  Details  of  timber  gates  for  Great  Grimsby  Lock, 
70  ieet  wide. 

1861,  page  93.  Plener.  Great  Western  Dock  gates  at  Plymouth  (England). 
Plans  and  description  of  wrought-iron  gates  for  lock  80  feet  wide. 

1865,  page  236.  Welkner.  Wrought-iron  gates  for  Geestemiinde  Docks. 
Width  of  lock  equals  76  feet.     Valuable  experiments  on  strength  of  flat  plates. 

18()5,  page  491.     Interesting  historical  note  on  wrought-iron  gates. 

1866.  page  309.  Hess.  Bemerkungeu  uber  die  neuen  belgischen  und  franzo- 
sischen  Konstruktionen  der  Kanal  Schleusenthore. 

18:^8,  page  419.  Professor  Barkhausen.  "'Uber  einige  neuere  Englischen  See- 
schleusen."    Excellent  notes  and  sketches  on  modern  English  locks. 

1889,  page  743.  Van  Horn.  Plans  of  gates  for  Transatlantique  Dock.  Havre. 
(Taken  from  Annales  des  Ponts  et  Chaussees,  1887.) 

1891.  page  349.  E.  Rechtern  and  H.  Arnold.  Der  Ban  der  zweiten  Hafenein- 
fahrt  zu  Wilhelmshafen.  (Good  plans  and  descriptions  of  wrought-iron  gates  for 
lock  So  feet  wide.     Reason  for  preferring  girder  to  arch  shapes. ) 

DEUTSCHE   BAUZEITUNU. 

1891,  September  12  and  19.  L.  Brennecke.  Die  Entwickelung  der  Schleusen- 
thore der  Neuzeit.  ( Brief  but  excellent  statement  of  the  author  s  views  on  lock 
gates. ) 

TI.JDSOHKIFT   KOXINKLIJK   INSTITUUT   VAN   INGENIEURS  (HOLLAND). 

1863-64,  page  14.  J.  Strootman.  Over  wijde  zeesliuzen  en  sluitdeuren  van 
plaatijzer.     (^Complete  study  on  calculation  and  design  of  iron  lock  gates. ) 

1866-67,  page  116.  Strootman.  Docks  Willemoord.  (Wrought-iron  gates  about 
36  feet  square. ) 

1870-71. page  187.  J. F.W.Conrad.  ^Fullde.scriptionof  Willem  IH lock, includ- 
ing plans  of  wrought-iron  gates  for  a  lock  59  feet  wide. ) 

1885-86,  page 429.  J.  Strootman.  Ijzeren  deuren  voor  sluizen  op  binnenlandsche 
scheepvaartskanalen.     (Good  theoretical  study  of  small  iron  gates.) 

Grateful  ackiiowledj^ment  is  here  made  to  Mr.  Joseph  Ripley,  United 
States  assistant  enj^ineej-  in  charge  of  St.  IVIarvs  Falls  Canal,  for  vain- 
able  information  freely  given  and  assistance  rendered  in  making  meas- 
urements of  the  deflection  of  the  lock  gates  at  Sault  Ste.  Marie. 

The  work  covered  by  this  I'eport  was  begun  in  December  of  1S'.)7  by 
Mr.  Henry  Goldmark,  assistant  engineer,  and  remained  under  his 
charge  until  June,  1899.  After  his  retirement  on  account  of  ill  health, 
the  undersigned,  who  had  acted  as  principal  a.ssistant  from  May.  is'.is, 
completed  the  investigations  and  prepared  the  i)resent  rei)ort. 

Very  respectfully  submitted. 

S.  11.   \Vc)ol).\Rl) 

The  Board  of  Engineers  on  Deep  Waterways. 
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Appendix  No.  ;3. 

BREAKWATERS  AT  CANAL  ENTRANCES,   OSWEGO  AND 
OLCOTT,  N.  Y. 

BREAKWATERS   AT    CANAL   ENTRANCES. 

The  plans  of  the  Board  of  Engineers  on  Deep  Waterways  provide 
for  canals  entering  Lake  Ontario  at  Oswego  and  Olcott,  N.  Y.  I  have 
the  honor  to  submit  for  the  consideration  of  the  Board  tlie  folloMing 
projects  for  the  construction  of  breakwaters  at  these  entrances,  with 
estimates  of  cost.  The  breakwaters  first  considered  are  adapted  to 
the  requirements  of  a  waterway  having  a  depth  of  30  feet. 

OSWEGO. 

The  existing  harbor  at  this  locality  is  situated  at  the  mouth  of  the 
Oswego  River,  near  the  eastern  end  of  Lake  Ontario.  The  prevailing 
violent  winds  are  from  the  west  and  northwest.  The  greatest  water 
exposure  is  to  the  westward,  which  is  therefore  the  direction  of  the 
heaviest  seas.  The  movement  of  gravel  and  other  material  derived 
from  the  attrition  of  the  shores  is  from  west  to  east.  The  material  of 
the  bottom  is  sand  and  gravel  underlaid  by  argillaceous  sandstone  of 
the  Utica  formation. 

The  construction  of  breakwaters  to  form  an  anchorage  and  cover 
the  entrance  to  the  Oswego  River  was  commenced  hy  the  Government 
in  1827,  and  works  of  extension  or  repair  have  been  in  progress  down 
to  the  present  day.  The  existing  breakwaters  are  of  the  usual  crib 
formation  so  long  emploj^ed  in  the  construction  of  such  works  for  the 
improvement  of  the  lake  harbors.  Their  locations  are  shown  on 
plate  18. 

The  proposed  canal,  as  designed  by  the  Board,  enters  the  lake  at 
Sheldons  Point,  which  is- a  sliort  distance  west  of  the  existing  break- 
w^ater  harbor.  The  first  lock  is  located  on  the  shore  of  the  lake.  Tlie 
channel  connecting  it  with  deep  water  in  the  lake  will  be  about  1,700 
feet  long  and  000  feet  wide,  and  is  to  be  bordered  by  timber  cribs  for 
mooring  and  guiding  vessels,  as  shown  on  figures  1  to  (1,  inclusive. 

PLAN    OF   THE   BREAKWATERS. 

The  breakwaters  required  at  this  locality  hav^e  for  their  objects  to 
shelter  the  entrance  to  the  canal  from  heavy  seas,  to  protect  the 
excavated  channel  from  shoaling  from  the  movement  of  materials 
worn  from  the  shores,  and  to  form  a  harbor  of  refuge  for  vessels  in 
time  of  storms.  The  heaviest  seas  come  from  the  westward.  The 
main  breakwater  is  therefore  located  west  of  the  canal  and  extends 
in  a  northerly  direction,  following  the  arc  of  a  circle,  with  4,700  feet 
radius,  in  order  to  increase  the  anchorage  area.  This  direction  has 
been  selected  so  as  to  be  about  normal  to  the  direction  of  the  most 
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violent  whvc  motion,  so  as  to  avoid  the  formation  of  an  accumulated 
wave.  The  long  breakwater  in  tlie  exist inj^  harbor  lias  a  northeast 
direction,  and  makes  so  small  an  angle  with  the  direction  of  greatest 
wave  motion  that  an  accumulated  wave  is  formed  at  its  eastern  end 
during  the  prevalence  of  westerly  storms,  making  entrance  to  the 
harbor  difficult  and  dangerous. 

The  main  breakwater  commences  at  the  shore,  aii<l  ihfitMi»t<:  ><i  \<s 
as  a  jetty  to  stop  tlie  eastward  movement  of  material  which  might 
form  shoals  in  the  excavated  channel. 

Since  northerlj'^  winds  sometimes  create  heavy  seas  in  this  locality, 
a  second  breakwater  has  been  designed  to  extend  from  a  point  on  the 
face  of  the  old  breakwater,  in  a  northeast  direction,  toward  the  eastern 
extremity  of  the  main  breakwater.  The  interval  between  the  outer 
ends  of  these  breakwaters,  which  has  a  width  of  950  feet,  forms  the 
entrance  to  the  harbor. 

It  will  be  observed  that  these  breakwaters  are  located,  with  refer- 
ence to  each  other,  so  as  to  leave  between  their  ends  a  clear  channel 
000  feet  wide,  measured  perpendicular  to  its  axis,  which  curves  with 
a  radius  of  5,000  feet  from  the  entrance  to  a  point  between  the  heads 
of  the  piers.  The  tangent  to  the  axis  of  the  channel  at  the  entrance 
has  a  direction  about  north.  The  shelter  could  be  increased  by  ex- 
tending the  western  breakwater  farther  to  the  eastward;  but  this 
would  increase  the  curvature  of  the  channel  at  the  entrance,  and  is 
therefore  considered  tmdesirable. 

The  harbor  thus  formed  will  have  an  area  of  nearly  1l*7  acres,  meas- 
uring to  the  low-water  line.  The  existing  harbor,  which  has  an  area 
of  about  180  acres,  will  always  be  available  for  the  anchorage  of  ves- 
sels of  small  draft,  and  it  can  be  made  conveniently  accessible  from 
the  new  harbor  by  the  removal  of  the  breakwater  at  its  western  end. 
Large  vessels  entering  the  harbor  will,  of  course,  pass  directly  into 
the  canal.  It  is  believed  that  the  mooring  piers  and  the  anchorage 
area  in  their  vicinity  will  afford  ample  accommodation  for  those 
descending  the  canal  and  detained  by  storms.  The  aggregat(»  length 
of  the  proposed  breakwaters  is  0,035  feet.  'J'heir  locations  are  shown 
on  figures  1  to  0,  inclusive. 

CHARACTER   OK  STRUCTURES. 

Heretofore  the  piers  and  breakwaters  constructed  in  the  (rreat 
Lakes  have  been  formed  of  pile  work  or  timber  cribs  tilled  with 
stone.  When  the  exposure  is  great,  crib  breakwaters  have  been 
found  preferable  to  those  formed  of  piles.  These  structures  are,  to  a 
certain  extent,  of  a  temporary  character,  and  require  frequent  and 
troublesome  repairs,  lielow  the  water  level  they  may  be  considered 
permanent,  if  not  displaced  by  storms,  but  above  that  level  they 
re(iuire  renewal  every  ten  or  fifteen  years.  The  cribs  require  care- 
fully prepared  foundations,  and  when  all  precautions  have  been  taken 
11.  Doc.  149 14 


210  DEEP    WATERWAYS. 

it  is  not  always  ])()wsihle  to  make  them  retain  their  places  upon  the 
bottom.  Breakwaters  thus  constructed  are,  of  course,  much  cheaper 
than  structures  formed  wholly  of  concrete  or  stone  masonry,  but  it  is 
a  question  worthy  of  investigation  whether  they  are  as  advantageous 
or  as  economical,  considering  the  cost  of  maintenance,  as  random 
stone  breakwaters  constructed  in  accordance  with  modern  methods, 
like  those  which  have  been  established  at  certain  localities  on  the 
coast  of  the  sea. 

The  random-stone  breakwaters  adopted  for  the  formation  of  harbors 
on  our  seacoast  consist  of  a  substructure  formed  by  depositing  stones 
along  the  site  of  the  work  to  about  the  level  of  mean  low  water,  and 
of  a  superstructure  constructed  of  heavy  stones  I'aid  carefully  in  posi- 
tion. The  characteristic  advantages  of  such  breakwaters,  as  com- 
pared with  those  of  other  types,  are  the  facility  and  simplicity  of 
their  construction  and  repair.  Their  peculiar  disadvantage  is  that 
they  require  a  large  volume  of  material  iu  the  substructure,  most  of 
which  is  not  needed  to  resist  wave  action  and  serves  only  to  support 
the  comparatively  small  resisting  parts  of  the  work.  In  tlie  locality 
under  consideration  random-stone  breakwatei's  will,  of  coui-se,  be 
much  easier  to  construct  than  crib  breakwaters.  They  require  no 
leveling  under  water,  they  are  composed  of  only  one  kind  of  material, 
and  the  j)lant  and  method  of  construction  are  of  the  simplest  charac- 
ter. The  experience  of  the  breakwaters  at  the  entrance  to  Delaware 
Bay  appears  to  show  that  works  of  this  character,  when  properly  con- 
structed, have  sufficient  stability  to  resist  the  action  of  very  violent 
storms.  The  injuries  inflicted  upon  crib  breakwaters  bj'  storms  and 
ice  are  of  a  very  troublesome  character.  The  cribs  slide  on  their 
foundations  or  tip  over,  the  timber  and  iron  parts  are  twisted  and 
broken,  and  the  filling  is  washed  out.  These  works  require  constant 
attention  and  frequent  expensive  renewal  or  repairs.  The  injuries 
inflicted  by  storms  on  the  breakwaters  in  Delaware  Bay  have,  on  the 
contrary,  been  of  the  most  trifling  character  and  easily  repaired  at 
very  small  cost.  It  only  remains  to  compare  the  cost  of  construction 
of  these  two  kinds  of  breakwaters. 

At  the  time  the  method  of  crib  construction  was  adopted  for  works 
in  the  Great  Lakes  lumber  was  cheap  and  plentiful  and  small  stone 
suitable  for  filling  could  be  readily  obtained.  On  the  other  hand, 
economical  plant  and  methods  for  quarrying,  transporting,  and  depos- 
iting very  large  stones  did  not  exist.  The  construction  of  random- 
stone  breakwaters  was  at  that  time  difficult  and  costl}',  the  compar- 
atively small  size  of  the  stone  which  could  then  be  economically 
quarried  and  deposited  gave  to  the  works  little  stability,  and  it  was 
considered  absolutely  necessary  that  the  substructure  should  have  a 
very  large  cross  section  M'ith  gentle  slopes  exposed  to  the  action  of 
the  waves.     Under  these    circumstances   the   adoption   of  the  crib 
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iiu'tliud  of  roust I'uctioii  was  tl<»ul>tl«'ss  most  economical  aiMJ  advan- 
tageous. At  the  present  time  the  conditions  are  entirely  ditYeient. 
The  cost  of  lumber  lias  greatly  inei-eased,  while  the  cost  of  quarrying, 
transporting,  and  depositing  large  st<»ne  has  gieatly  diminishe<l. 
Moreover,  experience  in  Delaware  Hay  and  elsewhere  seems  to  show 
conclusively  that  the  cross  section  fornierl}'  adopted  for  random-stone 
breakwaters  can  be  greatly  reduced  without  sacrificing  stability,  if 
the  work  is  constructed  of  large  stone  i)roperly  deposited. 

Assuming  that  a  crib  should  liave  a  width  not  less  than  its  height, 
it  can  easily  be  shown  that,  at  present  prices  and  with  the  depths  at 
Oswego,  a  (n-ib  breakwater  with  the  cril)  work  carried  nearly  to  the 
bottom  would  be  much  more  expensive  than  a  random-stone  l)reak- 
water  of  the  Delaware  Bay  type.  There  is,  howevei',  another  method 
of  construction  in  whicli  cribs  are  employed  which  deserves  careful 
consideration,  and  which  is  adopted  in  two  of  the  breakwaters  now 
in  process  of  construction  in  Huft'alo  Harbor.  These  breakwaters 
consist  of  a  random-stone  substructure  I'ising  to  a  level  of  22  feet 
below  the  water  surface  and  a  crib  superstructure  the  top  of  which  is 
12  feet  above  lake  level.  The  method  is  evidently  modeled  upon 
modern  European  practice,  which  carries  the  superstructure  down  to 
a  level  at  which  wave  actiim  is  supposed  to  have  no  a])preciable  effect 
upon  the  substructure.  The  use  of  ci'ibs  instead  of  concrete  in 
blocks  or  in  mass  is,  of  course,  much  more  economical  and  can  be 
safely  adopted  in  the  fi*esh  water  of  the  lakes. 

In  forming  an  approximate  estimate  of  the  difference  in  cost  of 
break  watei"s  on  the  crib  and  random -stone  methods  at  Oswego  the 
following  assumpticms  have  ])een  made: 

1.  The  substi'ucture  for  the  ciMb  breakwater  will  Im'  formed  of  large 
rubblestone  dejwsited  upon  the  bottom.  Its  ui>per  surface  will  be  22 
feet  below  lake  level  an<l  will  have  a  width  of  50  feet.  The  slopes 
will  have  an  inclination  of  1  on  1.8.  Each  cubic  yard  of  substruc- 
tui-e  volume  is  assumed  to  i-equire  1.34  net  tons  of  stone. 

At  Buffalo  a  trench  is  excavated  and  tilled  with  gravel  to  form  a 
foundation  for  the  work,  as  the  hard  bottom  is  covered  with  soft 
material  of  considerable  depth.  This  is  unnecessary  at  Oswego, 
where  there  is  a  hard  botttnn,  and  accordingly  tlie  cost  of  this  part 
of  the  work  is  omitted  from  the  estimate. 

2.  The  supei*structure  will  l)e  the  standard  timber  crib  adopted  at 
Buffalo.  The  cost  of  the  timber  an<l  iron  in  1  linear  foot  of  this  crib 
is  estimated  at  4(77.37,  the  cost  of  hemlock  being  assumed  at  |!23  jier 
M,  white  })ine  at  $32  i)er  M,  and  iron  at  4  cents  \h^v  pound.  To  this 
II  is  added  to  cover  the  extra  cost  of  leveling  the  upper  surface  of 
the  substructure  under  water.  The  assumed  cost  per  linear  f(K>t  of 
the  sui)erstructure  without  filling  is  therefore  S7S.37.  The  crib  will 
contain  45.833  net  tons  of  stone  filling  {)er  linear  foot. 
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3.  The  <liineiisi<>iis,  melliod  of  constructiou,  and  estiiiiated  cost  of 
the  random-stone  breakwaters  are  given  in  another  part  of  this  paper. 
The  cost  of  the  stone  in  place  is  estimated  at  $1,20  per  net  ton. 

Under  the  above  assumptions  the  difference  in  C(jst  per  linear  foot 
between  the  random-stone  an<l  ei-il)  brealcwaters  for  all  deptlis  j;i'eater 
than  22  feet  is  ji^iven  by  tlu;  formula 

A  =  2.0;}»J1)  -f  ().()21D-  —  !»4.88, 

in  which  D  is  the  depth  and  A  is  positive  when  the  cost  of  the  random- 
stone  breakwate'-  exceeds  that  of  the  crib  breakwater. 

At  a  depth  of  34.4  feet  the  lu-eakwaters  of  the  two  methods  are  equal 
in  cost.  This  is  almost  exactly  the  average  depth  on  the  breakwater 
sites  l)eyond  the  deptli  of  22  feet,  so  that  the  cost  would  be  practi- 
cally the  same  for  the  two  methods.  At  depths  less  than  22  feet  the 
random-stone  method  will  be  somewhat  the  cheaper.  The  cost  of 
maintenance  is,  as  before  remarked,  much  less  for  random-stone  than 
for  erib  l)reakwaters. 

For  the  reasons  above  stated  the  random-stone  method  of  construc- 
tion described  below  has  been  adopted  for  the  breakwaters  proposed 
herein.  It  should  be  remarked,  however,  that  in  cases  where  it  is 
desirable  to  utilize  a  breakwater  for  the  purposes  of  mooring  or 
unloading  vessels,  as  at  Buffalo,  the  ciil)  superstructure  should  be 
adopted. 

METHOD   OF   CONSTRUCTION   AND   CROSS  SECTION. 

The  method  of  construction  and  the  cross  section  adopted  for  the 
works  under  considei'ation  are  based  upon  the  results  of  experience 
in  the  construction  of  random-stone  breakwaters  at  tlie  entrance  to 
Delaware  Bay.  The  old  breakwater  harbor  in  that  locality  was  com- 
menced in  1828,  and  was  completed  in  accordance  with  the  original 
design  in  1801).  It  was  forme<l  by  two  detached  breakwaters  separated 
by  an  interval  of  1,390  feet.  A  new  breakwater  closing  this  interval 
was  constructed  between  1884  and  1898.  Another  extensive  break- 
water, to  form  a  national  harbor  of  refuge,  was  commenced  in  1897 
and  is  still  in  process  of  construction. 

The  methods  followed  in  these  Avorks  were  first  employed  in  the  con- 
struction of  the  breakwater  to  close  the  interval  in  the  old  harbor. 
The  history  of  this  work  is  given  in  detail  in  the  final  rejjort  submitted 
to  the  Chief  of  Engineers  on  June  19, 1899,  and  i^ublished  in  the  Annual 
Report  of  the  Chief  of  Engineers  for  1899,  jiage  1346.  The  experience 
and  reasoning  upon  which  the  method  of  construction  is  based  will 
be  found  in  this  re[)ort,  and  it  is  tlierefoi-e  unnecessary  to  repeat  them 
here. 

Snhstraciure. — This  part  of  the  work  extends  from  tiie  bottom  to 
the  level  of  low  water.  In  construction  it  is  best  to  raise  it  to  a  level 
of  about  1  foot  above  low  water  to  allow  for  settlement  and  to  facil- 
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itate  tho  coMstriu'tion  of  the  siiperstructun'.  All  the  stone  must  be 
deposited  w  ithiii  the  limits  of  the  low-water  width,  so  that  the  mass 
may  be  permitted  to  form  its  own  slopes  under  the  action  of  the  waves. 
The  stones  deposited  to  form  the  sloju's  sliould  liave  a  minimum 
wei^lit  of  about  ;5  tons.  Foi-  the  intei-ior  smaller  stones  may  be 
employed. 

The  most  eeonomieal  and  i'a[)id  method  of  depositing  the  mateiial, 
up  to  a  level  of  about  10  feet  l)elow  the  water  level,  is  from  bottom- 
dumpinj?  barges.  Above  that  level  steam  derrick  barges  are  more 
advantageous. 

The  substructure  should  l)e  allowed  to  settle  at  least  a  year  before 
constructing  the  superstructure  upon  it.  It  should  be  carefully  lev- 
eled as  the  superstructure  is  built.  After  the  completion  of  the 
superstructure  the  slopes  of  the  substructui-e  should  be  examined  and 
all  holes  should  be  filled  with  stones  placed  in  position. 

The  width  of  the  substructure  at  the  water  level  is  determined  \iy 
the  dimensions  adopted  for  the  superstructure,  and  is  in  this  case  27 
feet.  Exjjerience  shows  that  for  the  purpose  of  estimate  the  interior 
slope  may  be  assumed  as  1  on  1,3,  and  the  exterior  slop*^  as  1  on  2. 

From  the  experience  at  the  Delaware  breakwaters,  it  is  assumed 
that  each  cubic  yard  will  require  1.34  net  tons  of  stone.  This  esti- 
mate includes  an  allowance  for  settlement  and  misplacement. 

Supersfmctiire. — The  inner  and  outer  walls  of  the  superstructure 
should  be  formed  of  very  heavy  stones  laid  endwise  to  the  sea,  and 
the  space  between  them  should  be  compactly  filled  with  rubble.  At 
the  Delaware  breakwaters  the  height  of  the  superstructure  above  high 
water  is  about  0.5  feet,  and  the  top  width  20  feet.  From  exi)erience 
at  these  breakwaters,  however,  it  is  considered  perfectly  safe  to  adopt 
for  the  Oswego  breakwatei*s  a  height  of  8  feet  and  a  top  width  of  15 
feet.  The  slope  at  the  Delaware  breakwaters  is  1  on  0.7,  both  on  the 
harbor  and  sea  side  of  the  works.  This  is  verj'  steei)  for  the  exterior 
slope,  and  although  it  has  been  found  satisfactory  at  the  old  Delaware 
breakwater,  a  gentler  slope  might  be  found  desirable  where  the 
exposure  is  great.  A  slope  of  1  on  0,75  is  ado])ted  foi-  the  puj-poses  of 
estimate.  The  width  of  the  supei*structure  at  the  base  v  ill  be  27 
feet. 

The  walls  should  be  laid  up  in  three  courses.  Each  stone  should  be 
laid  with  its  shortest  dimension  vertical,  and  in  the  outer  wall  should 
weigh  not  less  than  0,000  pounds.  For  the  inner  wall  the  stones  may 
be  of  considerably  less  weight.  The  length  of  each  stone  should, 
however,  be  greater  than  its  width,  and  it  should  be  laid  in  the  wall 
with  its  shortest  dimension  vertical  and  its  longest  dimension  i>erpen- 
dicular  to  the  axis  of  the  breakwater. 

Assuming  1,4  net  tons  per  cubic  yard  of  supei'structure  volume, 
each  linear  foot  of  superstructiue  will  i-e([uire  H.71  tons  of  stone  for 
its  construction. 
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The  number  of  tons  of  stone  contained  in  one  linear  foot  of  the 
breakwater  is  given  b}'  the  formula 

T  =  1.34D  +  <X08187I)~+8.711 

in  which  D  represents  the  depth  of  the  water. 

MATERIAL. 

A  good  quality  of  limestone,  weighing  about  168  pounds  to  the 
cubic  foot,  can  be  obtained  at  Chaumont  and  Three-Mile  Bay,  N.  Y. 
This  stone  is  believed  to  have  sufficient  dural)ility  for  breakwater  con- 
struction. It  can  be  deposited  in  the  work  at  a  cost  not  exceeding 
$1.20  per  net  ton.  This  price  is  assumed  in  the  estimate  as  the  aver- 
age cost  per  ton  in  place  for  both  substructure  and  superstructure. 

LIGHTHOUSE   AND   FOO  SIGNAL. 

The  harbor  will  require  a  light-house  and  fog  signal,  and  their  cost 
must  be  included  in  the  estimates.  They  will,  of  course,  be  designed 
and  constructed  by  the  Light- House  Board.  From  information  kindly 
furnished  by  Lieut.  Col.  D.  P.  Ileaj),  Corps  of  Engineers,  engineer  of 
the  Third  light-house  district,  it  is  believed  that  the  cost  of  these 
works,  including  contingencies,  inay  be  estimated  at  about  $60,(X)0. 

ESTIMATE   OF   COST. 

The  cost  of  constructing  these  works  is  estimated  as  follows: 

Stone  in  place,  941,931  net  tons,  at  $1.20 $1,180,317.20 

Contingencies    ..   114,682.80 

Total. for  breakwaters .   1,245.000.00 

Light-house  and  fog  signal 60, 000. 00 

Total 1,305,000.00 

The  profiles  of  the  breakwaters  and  the  details  of  the  estimate  are 
shown  on  figures  1  to  6,  inclusive. 

OLCOTT. 

The  existing  harbor  at  this  locality  is  situated  at  the  mouth  of 
Eighteen-Mile  Creek,  which  is  about  18  miles  east  of  the  mouth  of  the 
Niagara  River.  The  exposure  is  much  less  than  at  Oswego.  The 
movement  of  wave-worn  material  is  from  west  to  east.  The  bottom 
consists  of  sandstone  overlaid  bj^  sand  and  gravel. 

The  entrance  to  the  harbor  is  formed  b}'  two  parallel  crib  break- 
waters extending  outward  from  the  shore  for  distances  of  850  and 
873  feet,  the  width  between  them  being  about  200  feet.  These  works 
were  constructed  between  the  years  1867  and  1882.  The  harbor  is 
excavated  in  the  bed  of  the  creek  inside  the  shore  line  of  the  lake. 
The  locations  of  the  piers  and  harbors  are  shown  on  plate  17. 

The  canal  designed  by  the  Board  enters  the  lake  a  short  distance 
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east  of  the  exist iiij;  piers.  The  ehaiiiK'l  eomu'ctiiij^  it  .vith  deep  water 
in  the  lake  will  be  about  3,080  feet  loiij^  and  OoO  feet  wide,  and  has  a 
direction  a  little  west  of  north.  Piers  for  mooring  and  guiding  vessels 
at  the  entrance  are  not  provided,  as  there  will  be  ample  anchorage 
area  and  mooi'ing  facilities  in  the  basin  of  the  <-anal  within  tiie  shore 
line.  A  crib  pier  on  each  side  of  the  entrance  to  clearly  mark  its 
location  is  all  that  is  considered  necessary.  The  first  lock  is  about 
5,000  feet  above  the  entrance. 

PLAN   OF   THE   BREAKWATERS. 

The  breakwaters  are  required  to  shelter  the  entrance  to  the  canal 
from  heavy  seas  and  to  protect  the  excavated  channel  from  shoaling. 
As  before  remarked,  it  is  not  necessary  to  provide  for  anchorage  areas 
outside  the  shore  line. 

The  breakwaters  are  designed  to  start  from  the  shore  at  a  distance 
of  300  feet  from  the  channel,  making  the  interval  between  them  1,200 
feet.  They  are  carried  out  parallel  to  each  other  for  a  distance  of 
1,840  feet  from  the  shore,  or  half  the  distance  from  the  lake  entrance. 
From  this  point  they  converge  on  arcs  of  circles  out  to  a  depth  of  35 
feet,  so  as  to  give  the  entrance  a  clear  width  of  600  feet.  This  plan 
has  the  advantage  of  forming  a  stilling  basin  to  moderately  reduce 
the  height  of  waves  during  storms. 

The  aggregate  length  of  the  proposed  breakwaters  is  5,395  feet. 
Their  locations  are  shown  on  tigs.  7  to  12,  inclusive. 

CHARACTER,  CONSTRUCTION,  AND   CROSS  SECTION   OF   THE   BREAKWATERS. 

For  the  reasons  fully  stated  in  connection  with  the  investigation  of 
the  breakwaters  designed  for  Oswego  it  is  proposed  to  construct 
these  breakwaters  of  random  stone,  in  accordance  with  the  general 
method  adopted  for  the  breakwaters  in  Delaware  Bay.  The  ci"oss 
section  and  details  of  construction  and  the  data  employed  will  be  the 
same  as  heretofore  described  for  the  works  at  Oswego,  with  the 
exception  of  the  price  of  stone,  which  is  taken  at  $1.35  instead  of 
11.20  per  net  ton,  the  works  \n  this  caso  l^f^ing  inu<*li  farther  from 
the  quarries. 

ESTIMATE   OF   COST. 

The  cost  of  constructing  the  works  is  estimated  as  follows : 

Stone  in  place,  388,670  net  tons,  at  $1.35 *ryZ4.  704. 50 

Contingencies - 55,  395. 50 

Total  for  breakwaters  .  580,  (KW.  00 

Light-house  and  fog  signal 60. 0(X).00 

Total.. 640,000.00 

The  profiles  of  the  breakwaters  and  the  details  of  the  estimate  are 
shown  on  flirs.  7  to  12.  inclusive. 
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BREAKWATERS   FOR   A   WATERWAY   HAVING   A   DEPTH   OF   21    FEET. 

The  same  general  plans  are  adopted;  but  the  lengths  of  the  break- 
waters, and  consequently  the  cost  of  construction,  may  be  consider- 
ably reduced. 

OSWEGO. 

The  locations  of  the  breakwaters  proposed  for  the  21-foot  waterway 
are  shown  on  fig.  4,  and  the  profiles  and  details  of  the  estimate  on 
figs.  5  and  6. 

ESTIMATE   OF   COST. 

Stone  in  place.  551 ,150  net  tons,  at  $1.20 . .  $661 ,  380. 00 

Contingencies -. 66,120.00 

Total  for  breakwaters     .     .. 727.500.00 

Light-house  and  fog  signal 60, 000. 00 

Total. ^ 787,500.00 

OLCX)TT. 

The  locations  of  the  breakwaters  proposed  for  the  21-foot  waterway 
are  shown  on  fig.  10,  and  the  ])i'ofiles  and  <lt't;iils  of  the  estimate  on 
figs.  11  and  12. 

ESTIMATE   OF   COST. 

Stone  in  place,  175,062  net  tons,  at  $1.35 $236,333.70 

Contingencies - 23. 666. 30 

Total  for  breakwaters 260, 000. 00 

Light-house  and  fog  signal .       60, 000. 00 

Total... 320,000.00 

Respectfully  submitted. 

C.  W.  Raymond, 
Lieutenant- Colonel,  Corps  of  Engineers. 
The  Board  of  Engineers  on  Deep  Waterways. 


Appendix  No.  4. 

SPEED  OF  SHIPS. 

SPEED   OF   SHIPS   IN   THE   PROPOSED   DEEP    WATERWAY. 

The  speed  which  ships  can  attain  in  the  different  sections  of  the 
proposed  deep  waterway  is  a  question  vital  to  a  discussion  of  the 
facilities  it  would  offer  for  economical  transportation.  For  this  pur- 
pose there  is  needed  a  definite  schedule  of  speeds  which  a  ship  is  likely 
to  attain  in  each  of  its  several  sections.     Previous  discussions  of  the 
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speed  of  sliips  in  restricted  channels  have  had  i-eference  nKwtly  to 
small  canal  boats  in  narrow  canals. 

Recorded  observations  on  the  niovenientof  larj;e  sliips  in  restricted 
waterways  arc  not  wholly  lackinj;,  but  they  relate  in  jreneral  to  chan- 
nels differing,'  so  greatly  in  dimensions  from  the  proposi'd  deep  water- 
way as  to  have  a  limited  application  in  the  establishment  of  the  pro- 
posed schedule  of  speeds.  To  state  the  situation  more  «lefinitely,  if 
it  be  desired  to  draw  a  curve  which  shall  express  the  relation  between 
the  cross  section  of  the  waterway  and  the  attainable  safe  speed  of  a 
given  shii>  therein,  recorded  observations  serve  only  to  fix  one  or  two 
points  in  the  cui've. 

This  being  the  situation,  it  was  thought  that  a  study  of  the  causes 
of  retardation  of  a  ship  when  i)assing  from  open  water  into  a  restricted 
channel  might  possibly  be  useful.  If  all  these  cau.ses  could  be  stated 
and  evaluated,  the  result  would  be  a  correct  schedule  of  speeds  with 
which  recorded  observations  would  agree.  No  such  result,  however, 
is  attainable,  because  it  is  impracticable  either  to  make  a  complete 
statement  of  the  causes  of  retardation  or  to  evaluate  any  of  them  >vith 
precision.  The  scope  of  the  investigation  was  therefore  limited  to  an 
examination  of  the  principal  causes  of  retardation  and  to  an  approxi- 
mate evaluation  of  them.  The  speed  curve  resulting  from  an  investi- 
gation of  this  kind  will  have  little  value  unless  checked  at  some  point 
or  points  by  observation,  and  its  ultimate  value  depends  upon  the 
number  of  such  checks. 

DIMENSIONS   OF   W^ATERWAY. 

The  study  takes  up  the  two  types  of  waterway  on  which  the  Board 
is  required  to  report.  One  of  them  is  to  have  a  depth  of  30  feet  of 
water,  the  other  a  depth  of  '21  feet.  The  standard  cross  sections  of 
these  channels  wlien  formed  in  earth  are  shown  on  figs.  2  and  3  of  the 
report  of  the  Hoard.  The  bottom  widtlis  shown  are  minima.  In  cer- 
tain localities  greater  widths  are  required  by  conditions  which  will  not 
be  discussed  liere.  The  practicable  speed  depends  so  much  on  the  area 
of  cross  section  of  the  waterway  that  this  di.seussion  embraces  neces- 
sarily a  large  range  above  the  given  minima  and  includes  the  entire 
range  of  widths  laid  down  for  the  proposed  «leep  waterway.  It  is 
eontiued  to  speeds  through  cross  sections  in  earth.  A  small  portion 
of  the  deep  waterway  is  in  rock  with  a  slightly  smaller  cross  section 
than  in  the  earth  section.  The  sides  of  the  rock  sections  ai'e  to  be 
vertical,  which  will  nmke  navigation  safer  than  through  an  earth  sec- 
tion of  equal  area.  The  aggregate  length  of  cliannel  in  rock  section 
is  relatively  small.  It  is  believed,  therefore,  that  the  introiluction  of 
rock  channels  into  the  discussion  would  complicate  and  extend  it 
considerably  without  useful  result. 

The  area  of  the  minimum  or  "standard  "  cross  section  in  earth  is 
about  8,000  squan'  feet   for  the  30-foot  channel,  corresponding  to  a 
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bottom  width  of  203^  feet.  For  convenience,  the  bottom  width  is 
taken  at  203  feet,  making  the  exact  area  of  the  standard  cross  section 
for  the  30-foot  channel  7,990  square  feet.  The  area  of  the  minimum 
or  "standard"  cross  section  for  the  21-foot  channel  is  about  5,500 
square  feet,  corresponding  to  a  bottom  width  of  215|  feet.  For  con- 
venience, the  bottom  width  is  taken  at  215  feet,  making  the  exact 
area  of  the  "standard"  cross  section  for  the  21-foot  channel  5,497 
square  feet. 

TYPE   OF   SHIPS. 

The  characteristics  of  the  type  ship  which  must  be  considered  here 
are  its  dimensions,  speed,  and  probable  character  of  its  business, 
whether  freight  exclusively  or  combined  passenger  and  freight.  A 
large  and  increasing  proportion  of  freight  across  the  North  Atlantic 
is  carried  in  ships  with  limited  passenger  accommodations  and  run- 
ning at  speeds  of  16  to  18  statute  miles  per  hour.  A  route  including 
with  the  crossing  of  the  Atlantic  a  farther  distance  inland  of  1,300  to 
1,400  miles  would  probably  attract  few  passengers  for  the  inland  por- 
tion and  accommodations  for  passengers  would  be  less  profitable. 
Furthermore,  only  a  small  jwrtion  of  the  freight  carried  from  the 
lakes  to  tide  water  will  be  destined  for  export,  but  will  be  marketed 
and  consumed  in  the  Eastern  States.  Passenger  accommodations 
would  therefore  be  made  use  of  only  a  small  part  of  the  time.  It  is 
believed,  therefore,  that  by  far  the  greater  part  of  the  commerce 
through  the  deep  waterway  will  be  carried  in  exclusively  freight  ships. 

As  to  the  economical  speed  of  freight  ships,  the  greater  part  of 
freight  transported  by  sea  is  carried  by  ships  running  10  to  13  statute 
miles  per  hour.  The  most  recent  freight  ships  built  on  the  lakes  have 
speeds  of  12  to  12^  miles  per  hour.  Although  these  facts  point  to  a 
speed  not  exceeding  13  miles  per  hour  as  the  economical  one,  they  are 
not  absolutely  conclusive,  and  it  seemed  necessary  to  study  the  effect 
on  cost  of  transportation  of  increased  speed.  To  this  end  estimates 
were  procured  from  the  well-known  naval  architect  and  shipbuilder, 
Mr.  Frank  E.  Kirby,  of  the  cost  of  building  and  operating  ships  of 
different  dimensions  at  each  of  two  rates  of  speed,  viz,  12^  and  15 
statute  miles  per  hour.  These  estimates  are  given  and  discussed 
in  No.  5.  The  conclusion  is  clearly  shown  that  the  increase  of 
speed  would  add  largely  to  the  cost  of  transportation.  The  rate  of 
12^  statute  miles  per  hour  is  therefore  adopted  in  this  discussion. 

It  is  obvious  that  the  economical  dimensions  of  ships  must  vary  with 
their  draft.  For  this  reason  the  30  and  21  foot  channels  must  be 
considered  separately. 

Mr.  Kirby's  estimates  cover  a  range  of  dimensions  from  480  feet  long 
over  all  by  52  feet  beam,  to  550  feet  long  by  60  feet  beam,  all  of  27-foot 
draft.  The  lowest  transportation  cost  figure  while  the  ship  is  en  route 
from  the  head  of  the  lakes  to  the  seaboard  is  given  by  a  ship  500  feet 
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long  by  54  feet  beam.  When  the  delay  at  ternilnals  is  taken  into 
aeconnt  the  result  is  notehanj^ed.  However,  the  eost  of  transportation 
increases  slowly  with  increase  of  shipdiin^Misions,  and  further  improve- 
ments in  shipbuilding  are  likely  to  lead  to  gn-ater  (limeiisions.  For 
this  reason  it  appears  judicious  to  take  for  the  3()-foot  waterway  in 
this  discussion  a  ship  somewhat  larger  than  appears  economical  under 
present  conditions.  The  dimensions  taken  are  a  length  of  540  feet 
over  all  mul  ;i  Itrniii  of  5S  fo^t,  Th«'  drMft.  fully  lojidcd.  Ixmiilt  taken  at 
27  feet 

For  tlie  -L-l\)ot,  channel  it  seeius  best  toadliere  closely  to  the  dimen- 
sions of  the  largest  ships  yet  built.  As  the  full-load  draft  of  these 
ships  is  limited  to  about  20  feet,  the  difficulty  of  giving  them  sufficient 
strength  increases  rapidly  with  their  length,  and  the  limit  in  length  on 
the  present  draft  is  generally  believed  to  have  been  reached ;  the  beam 
may  admit  of  further  development.  The  type  ship  chosen  for  this 
discussion  is  of  the  largest  class — not  quite  so  long  as  the  longest,  but 
of  the  greatest  beam  yet  adopted.  The  dimensions  are  480  feet  long 
over  all,  52  feet  beam,  and  19  feet  draft. 

The  dimensions  of  the  type  ships  and  other  particulars  relating  to 
them,  taken  from  Mr.  Kirby's  estimates,  are  given  in  the  following 
table : 

Table  1. — Type  ships. 


Length  overall 

Beam 

Draft  

Coefficient  of  fineness 

Displacement net  tons 

Cargo  capacity do?.. 

Horsepower  or  engines 

Single  or  twin  screws 


Ship  for 

Ship  for 

30- foot 

21  foot 

waterway,  waterway. 

.540 

480 

.58 

SZ 

27 

19 

80 

80 

30.;«o 

11,700 

13.9H0 

8,tt00 

3.300 

2.200 

Twin. 

Single. 

PRINCIPAL   CAUSES   OF  REDUCTION   OF  SPEED   OF  SHIPS  IN  RESTRICTED 

WATERWAYS. 


1.  The  speed  attained  by  a  ship  in  open  sea  will  be  reduced  in  a 
marked  degree  on  entering  shoal  water,  even  if  of  unlimited  width. 

2.  If  the  channel  is  restricted  laterally  as  well  as  in  dei)th,  the  water 
moves  back  pa.st  the  ship  in  the  effort  to  maintain  a  uniform  level  in 
the  channel.  The  speed  of  the  ship  past  a  fixetl  point  iM'comes  less 
than  its  sjieed  in  relation  to  the  water  through  which  it  moves. 

■i.  The  piling  up  of  water  in  front  of  the  ship  and  the  lowering  of 
water  behind  it  set  up  a  resistance  to  its  motion.  This  takes  place  to 
some  extent  in  open  .sea.  This  discussion  is  concerned  only  with 
changes  of  condition  when  passing  from  open  sea  into  a  restricted 
channel. 
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4.  The  speed  in  a  restricted  cliaiuiel  must  be  limited  to  that  which 
will  not  cause  too  ^reat  injury  to  the  side  slopes. 

5.  The  speed  must  not  be  great  enough  to  make  the  ship  unman- 
ageable. 

G.  The  speed  in  narrow  channels  must  be  reduced  when  meeting 
other  ships. 

7.  A  lower  rate  of  sj^eed  will  be  required  in  curves  than  on  tangents 
by  reason  of  the  greater  difficulty  of  steering  the  ship. 

As  already  stated,  some  of  these  conditions  can  only  be  discussed 
in  a  general  wa^"  with  I'esults  only  approximately  correct;  others  can 
be  evaluated  whoUj'or  in  part  fnnn  tlie  results  of  r>lis(Mvatio!i,  as  will 
appear  in  what  follows. 

(1)  Retardation  in  shoal  wafer. — This  depends  on  the  form  of  the 
ship,  so  much  so  that  the  design  of  ship  is  varied  with  regard  to 
the  depth  of  water  in  which  it  is  to  navigate.  Observations  made 
recently  on  the  freight  steamship  Angeline  in  the  deep  water  of  Lake 
Huron  and  the  shoal  water  of  Lake  St.  Clair  indicate  that  the  retarda- 
tion is  about  18  per  cent.  The  depth  of  water  under  the  keel  was  about 
2  feet  10  inches,  no  allowance  being  made  for  the  settlement  of  a  ship 
in  the  water,  which  always  occurs  when  the  watei'  is  shoal.  The  log 
of  a  recent  trip  of  the  steamship  Senator,  from  Detour  to  Detroit, 
shows  a  speed  of  12.2  miles  in  open  lake  and  about  10  per  cent  less 
in  the  shoal  water  of  Lake  St.  Clair.  The  depth  of  water  under  the 
ship's  keel,  without  allowance  for  settlement,  was  about  2  feet.  These 
results  are  not  so  concordant  as  might  have  been  expected,  and  the 
need  of  further  observations  is  manifest.  The  estimated  reduction  of 
speed  of  the  Angeline  is  derived  by  adding  to  an  observed  reduction 
of  11  per  cent  in  the  speed  of  revolution  of  the  wlieel  a  further  7  per 
cent  for  an  estimated  increase  of  slip.  In  the  case  of  the  Senator, 
the  time  was  observed  for  the  passage  across  Lake  Huron,  giving  an 
accurate  determination  for  speed  in  open  lake  and  for  the  passage 
from  the  foot  of  St.  Clair  Flats  Canal  to  Detroit.  The  latter  includes 
15  miles  of  shoal  water,  where  the  current  is  imperceptible,  and  8  miles 
at  the  foot  of  Lake  St.  Clair  and  in  Detroit  River,  where  the  water  is 
25  to  40  feet  deep  and  the  current  about  1.8  miles  per  hour. 

The  log  record  would  have  been  more  satisfactory  if  the  time  had 
also  been  taken  at  the  end  of  the  15  miles  of  shoal  water  in  Lake  St. 
Clair,  The  reduction  of  wheel  speed  of  the  Senator  was  about  the 
same  as  for  the  Angeline,  and  it  is  therefore  probable  that  the  increase 
of  slip  of  wheel  of  the  latter  ship  was  overestimated  and  the  actual 
reduction  of  speed  on  entering  shoal  water  was  probably  less  than  18 
per  cent.  For  this  discussion,  however,  it  is  deemed  best  to  be  on  the 
safe  side,  and  the  reduction  of  speed  is  taken  at  20  per  cent.  On  this 
basis  the  speed  of  the  ship  will  be  reduced  from  12^  miles  to  10  miles 
per  hour  on  entering  shoal  water.     It  should  be  noted  that  the  depth 
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of  the  channel  for  the  hike  ship  is  hssuhkhI  to  be  2  feet  more  than  tlie 
draft  of  the  ship,  while  the  depth  of  (diannel  for  the  ocean  ship  is 
3  feet  more  than  its  draft.  Obviously,  the  excess  for  the  deeper- 
draft  ship  should  l)e  the  .i>:i-eater,  but  the  ad<litional  1  foot  is  doubt- 
less more  than  needed  to  equalize  the  conditions. 

In  designing  the  21-foot  waterway  it  was  found  that  in  the  lower 
portion  of  the  Mohawk  Valley,  where  a  slack-water  navigation  is 
intended,  a  deep  channel  will  be  cheaper  than  a  shallow  one.  This  led 
to  the  adoption  of  a  30-foot  channel  in  this  section  for  lK)th  the  21-foot 
and  30-foot  navigation.  The  reduction  of  speed  sustained  by  a  ship 
drawing  1!>  feet  will  be  much  less  in  water  30  feet  deep  than  in  water 
21  feet  deep.  While  there  are  no  available  data  to  determine  what 
the  difference  will  l)e,  it  appears  safe  to  assume  that  the  reduction  of 
speed  of  a  ship  drawing  11)  feet  will  not  be  more  than  10  per  cent  when 
passing  from  deep  lake  into  30  feet  of  water  of  unlimited  widtli.  If 
the  speed  is  124  miles  per  hour  in  deep,  open  water,  its  speed  in  water 
30  feet  deep  will  be  on  this  basis  11:^  miles  per  hour. 

These  reductions  of  speed  for  the  several  channels  and  type  ships 
appear  in  column  5  of  Tables  III,  IV,  and  V. 

(2)  Ketardation  from  back  flow. — The  resistance  to  the  motion  of 
the  ship  due  to  the  friction  of  the  water  along  its  sides  must  depend 
directly  on  the  relative  movement  of  the  ship  and  water.  The  case 
is  analogous  to  that  of  a  ship  moving  against  a  river  or  tidal,  current 
in  a  large  waterway,  where  the  speed  of  the  ship  past  a  fixed  lantl 
point  is  less  than  the  speed  through  the  water,  the  difference  being 
practically  the  velocity  of  the  current.  In  a  restricted  waterway 
other  conditions  are  set  up,  which  will  be  discussed  further  on,  but 
the  direct  effect  of  the  back  flow  must  be  to  reduce  the  speed  of  the 
ship  past  a  fixed  laud  point  by  an  amount  very  nearly  equal  to  the 
velocity  of  the  back  flow.  It  is  assumed  for  this  discussion  that  the 
retardation  is  exactly  equal  to  the  velocity  of  back  flow,  and  on  this 
basis  the  following  formulae  are  deduced : 

Let  A=area  of  the  cross  section  of  the  waterway. 

rt=area  of  the  cross  section  of  the  ship  below  water  line. 
^_A 
(( ' 
V,=speed  of  ship  past  a  lixe«l  land  point. 
V2=mean  velocity  of  back  flow. 
V  =  speed  of  ship  through  the  water. 


Then— 


V2=--^    X  V,  =  -Xl (1) 

V,  =  V-V, i-j) 

V,     I  X  y     ""'  


222  DEEP    WATERWAYS. 

The  reductions  of  speed  of  the  type  ships  in  the  several  channels 
of  the  deep  waterway  are  entered  in  column  7  of  Tables  III,  IV,  and 
V.  They  are  to  be  deducted  from  the  speed  of  the  same  ships  in 
shoal  water  of  unlimited  width. 

(3)  Betardatioji  from  end  resistance. — When  a  ship  moves  in  open 
sea,  the  water  is  raised  at  the  bow  and  depressed  at  the  stern.  This 
causes  a  pressure,  opposing  the  ship's  motion  proportional  to  this 
difference  of  level.  In  a  channel  of  restricted  cross  section  this 
piling  up  of  water  ahead  and  depression  astern  of  the  ship  are  much 
increased.  We  are  not  here  concerned  with  the  amount  of  this  end 
resistance  in  open  sea;  it  answers  our  needs  for  the  discussion  if  we 
can  determine  how  much  greater  it  is  in  a  restricted  channel  than  in 
open  sea.  For  this  purpose  we  have  only  to  consider  those  conditions 
of  a  ship's  motion  in  a  restricted  channel  which  differ  from  those  in 
open  sea. 

In  a  restricted  channel  the  moving  ship,  pushing  the  water  before 
it,  disturbs  the  equilibrium  of  the  water  in  the  channel  and  the  back 
flow  past  the  ship  tends  to  restore  it.  The  theoretical  head  required 
to  produce  and  maintain  this  back  flow  can  be  computed  readily. 
The  pressure  opposing  the  ship's  motion  resulting  from  this  head  is 
due  solely  to  the  changed  conditions  when  the  ship  passes  from  open 
sea  into  the  restricted  channel,  and  is  therefore  i)ertii^ent  in  this 
discussion. 

Weisbach  gives  a  formula  for  determining  the  resistance  to  the 
motion  of  a  shij)  through  water.     The  formula  is 

in  which  li  is  the  head  due  to  the  speed  of  the  ship,  y  is  the  weight  of  a 
unit  of  volume  of  water,  F  is  a  constant  depending  on  the  form  of 
the  ship,  and  P  the  resulting  effective  resistance  per  unit  of  immersed 
cross  section  of  the  ship.  He  makes  F  =  0.12  to  0.20  for  river  steam- 
ers and  0.05  to  0.10  for  large  ocean  ships.  The  ships  which  will  trav- 
erse the  deep  waterway  will  probably  have  full  lines,  and  for  this  dis- 
cussion F  is  taken  equal  to  one-sixth.  Taking  ?/  =  62|  pounds  (the 
weight  of  a  cubic  foot  of  water),  the  total  resisting  pressure 

=  Pa===^^!|Axa  =  10.42  7i« (4) 

and  the  work  done  when  the  ship  moves  Tj  miles  per  hour  is 

To  determine  7i,  let  ¥3=  velocity  of  back  flow  in  feet  per  second 

44 
=  oqV2;    7^1=  head  required,  to  produce  V3;  and  \=\\QSi^  required 
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to  maintain  \'-^  in  the  channel  formed  between  l In-  .sliip  and  the  sides 
and  bottom  of  the  waterway;  then — 

/^-f //,  =  // 

in  which  /  =  lenjjth  of  ship  and  s  =  slope  of  back  flow. 

From  the  ordinary  formula  for  veU)city  of  flow  in  open  channels 

V2 

•'  =  cm <') 

in  whidi  R  =  hydraulic  radius  and  C  =  constant,  taken  in  tliis  case 
=  80. 

From  the  foregoing  the  horsepower  required  to  overcome  the  end 
resistanCx3  is  easily  computed ;  subtracting  this  from  the  total  horse- 
power of  the  ship's  engines,  the  remainder  is  available  for  maintain- 
ing the  speed  of  the  ship.  Applying  this  to  the  case  of  the  large-type 
ship  in  the  standard  30-foot  channel  (Table  III),  the  horsepower 
required  to  overcome  the  end  resistance  is  84.  Deducting  this  from 
theassumed  engine  capacity  of  the  ship,  3,200  horsepower  (see  Table  I), 
the  remainder,  3,116  horsepower,  is  av'ailable  to  move  the  ship. 
Assuming  that  the  power  varies  as  the  cube  of  the  speed  (known  to 
be  nearly  correct),  and  obtaining  from  Table  III  the  approximate 
speed  of  this  ship  in  the  standard  30-foot  channel — 8,04  miles  per 
hour — the  following  proportion  may  be  written : 

3200  :  311()  :  :  (8.04)^  :  a^  =  (7.97)=* 

in  which  ic=speed  after  allowing  for  end  resistance.  The  loss  of 
speed  on  this  account  is  therefore  less  than  0.1  foot  in  the  worst  case, 
and  no  correction  need  be  applied  on  account  of  end  resistance. 

(4)  Limit  of  speed  to  avoid  undue  injury  to  side  slopes  of  channel. — 
In  a  narrow  channel  it  may  be  necessary  to  restrict  speed  to  avoid  too 
destructive  action  on  the  channel  banks.  tSome  degree  of  injury  is 
practically  unavoidable  and  is  to  be  met  by  a  maintenance  charge. 
On  the  Suez,  Amsterdam,  Kiel,  and  Manchester  canals  the  limit  of 
speed  is  fixed  with  reference  to  injury  to  banks.  The  following  data 
are  derived  from  these  canals  and  are  pertinent. 

Suez  Canal. — The  highest  speed  allowed  in  the  canal  sections  is 
variously  given  as  10  kilometei-s  (=5.4  knots=6.2  statute  miles)  and 
5  knots  ( =5|  statute  miles)  i)er  hour.     The  former  is  probably  correct. 

The  cross  section  of  the  canal  before  the  enlargement  now  going  on 
was  about  3,700  square  feet,  as  nearly  as  can  l)e  ascertained  from  the 
data  at  hand.  The  largest  steamers  travei-sing  it  aie  tho.se  of  the 
Peninsular  and  Oriental  C-ompany.  One  of  the  older  ships  of  this 
line,  which  probably  traversed  the  canal  before  the  enlargement,  had 
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a  lenj^th  oi  450  feet,  a  beam  of  52  feet,  and  a  draft  of  23  feet.  Appl}'^- 
ing"  formula  (1) 

V.^=-—4^^i|^_,,,x  6.2=2.96  miles  per  hour 
3700-  02X23  ^4  34  ^^^^  p^j.  second 

as  the  velocity  of  back  flow  when  this  ship  traverses  the  canal  at  the 

highest  speed  permitted.     The  soil  is  a  sand  easily  moved,  and  the 

cost  of  maintenance  has  always  been  great.     The  channel  is  being 

enlarged  about  50  per  cent. 

Amsterdam  Canal. — The  original  cross  section  was  about  3,200 

square  feet  in  area.     It  has  been  widened  and  deepened  from  time  to 

time,  and  its  present  cross  section  is  not  far  from  4,000  square  feet. 

The  speed  permitted  is  9  kilomet<?rs  per  hour  (  =  5.(j  statute  miles  per 

hour=8. 2  feet  per  second).     The  largest  boats  traversing  this  canal 

are  those  of  the  Holland-America  Line.     One  of  the  largest  of  these, 

the  Werkendam,  is  39  feet-beam  and  23  feet-draft,  having  a  wet  section 

880 
of  about  880  square  feet.    These  data  give  Vo=——- — ——  x  8.2=2.3 

^    4000—880 

feet  per  second.     The  slopes  are  sand  in  many  places. 

Kiel  Canal. — The  area  of  the  cross  section  is  about  4,100  square 
feet.  Thelimitof  speed  permitted  is  5.4  knots=6.2  statute  miles  per 
hour  =-9.1  feet  per  second.  The  chief  engineer  states  that  the  largest 
ships  make  only  4  knots  ijer  hour. 

Manchester  Canal. — The  area  of  cross  section  in  earth  is  about 
4,400  square  feet.  Ships  are  towed,  probably  on  accountof  the  sharp 
curves  at  Runcorn.  The  largest  ships,  having  a  cross  section  of  about 
1,200  square  feet,  giving  ?'  =  3.7,  are  allowed  to  make  6  miles  per  hour 

(=8.8  feet  per  second),  giving  V3  =  aaqq^i  oqq X  8. 8 :=  3. 3  feet  per  sec- 

ond.  The  banks  are  generally  firm  clay.  Smaller  boats  are  allowed 
greater  speed,  up  to  13  miles  per  hour.  At  these  high  speeds  much 
damage  is  done  to  the  slopes  near  the  water  line  by  wave  action. 

The  speed  of  back  flow  in  all  these  cases  is  at  times  much  greater 
than  just  stated  on  account  of  currents.  In  the  Suez  and  Manchester 
canals  the  currents  caused  by  tidal  action  exceed  3  miles  per  hour. 
A  ship  moving  against  the  current  will  be  forced  as  near  the  per- 
mitted speed  as  the  power  of  the  engines  will  permit,  so  that  ships 
with  high  power  may  cause  a  back  flow  exceeding  the  calculated  one 
considerably.     The  St.  Clair  Flats  Canal  affords  an  example  of  this. 

The  observations  recently  made  there  showed  a  calculated  maxi- 
mum for  V2  of  1.18  miles  per  hour,  to  which  is  to  be  added  the  normal 
current  velocity  of  1.7  miles,  making  a  total  velocity  of  2.89  miles  per 
hour,  or  4,2  feet  per  second. 

Much  stronger  currents  exist  in  the  vicinity  of  the  ships'  propel- 
lers. They  erode  the  bottom  and  part  of  the  eroded  material  gradu- 
ally works  toward  the  sides  of  the  channel,  filling  in  at  the  bottom 
of  each  side  slope.  This  action  is  often  noted,  but  its  duration  at 
any  point  is  so  short  that  it  is  not  of  great  practical  importance. 
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111  the  deep  waterway  there  will  be  no  tidal  action,  hiit  in  many 
places  where  streams  are  to  be  taken  into  the  channel  currents  will 
be  produced.  This  will  be  the  case  particularly  in  the  Mohawk  Val- 
ley, where  a  slack- water  navigation  is  to  be  provideil.  The  <'hannel 
in  this  valley  has  been  desigiunl  of  such  a  cross  section  that  only  very 
rare  floods,  oceurrinj;  not  oftener  than  once  in  twenty  or  thirty  years, 
will  create  a  current  of  as  much  as  4  feet  per  se(tond.  While  it  is  not 
likely  that  the  channel  will  be  navig:ated  during  tJiese  violent  floods, 
currents  exceeding  2  feet  per  second  will  occur  frequently. 

In  fixing  the  permissible  limit  of  velocity  of  back  flow  there  <iiii  \n- 
no  safer  guide  than  experience.  On  the  foreign  ship  canals  the  back 
flow  has  been  found  excessive,  especially  at  Suez,  where  more  expe- 
rience has  been  gained  than  elsewhere,  and  the  channel  is  being 
enlarged  to  reduce  it.  Giving  this  experience  due  weight,  and  remem- 
bering that  the  river  currents  in  the  deep  waterways  will  produce 
currents  analogous  to  the  tidal  currents  in  the  Suez  and  Manchester 
canals,  it  seems  judicious  to  so  restrict  the  speed  of  the  type  ships 
that  the  calculated  back  flow  shall  not  exceed  3  feet  per  second. 
Currents  will  occasionally  increase  this. 

The  calculated  back  flow  in  the  several  channels  is  given  in  Tables 
III,  IV,  and  V,  in  column  7,  headed  "  Retardation  due  to  back  flow." 
In  the  standard  section  of  the  30- foot  waterway  the  back  flow,  as 
given  in  Table  III,  is  1.90  miles  per  hour,  or  l.'.XJx  1.-1:67  =  2.88  feet 
per  second,  which  is  within  the  limit.  In  all  other  cases  the  velocity 
is  less.  This  means  that  the  type  ships,  having  engines  of  only  suf- 
ficient power  to  propel  them  12^  miles  in  the  open  sea,  can  not  attain 
in  the  waterway  a  speed  sufficient  to  injure  the  banks  unless  cur- 
rents exist  in  the  channel.  These  currents  will  usually  be  very 
slight.  Stronger  currents,  capable,  when  combined  w4th  back  flow,  of 
washing  the  banks,  will  be  of  short  duration. 

It  remains  to  be  seen  whether  ships  considerably  larger  than  the 
type  ships  would  cause  inadmissible  velocities.  A  ship  05  feet  by  27 
feet,  moving  in  a  30-foot  channel  of  203  feet  bottom  width  at  the  rate 
of  8  miles  per  hour,  will  produce  a  back  flow  of  3.3  feet  per  second. 
This  velocity,  occurring  rarely,  would  be  permissible.  A  ship  58  feet 
b}'  1!)  feet,  moving  in  a  21-foot  channel  of  215  feet  bottom  width  at 
the  rate  of  8  miles  per  hour,  will  produce  a  back  flow  of  2.0  feet  jier 
second,  which  is  less  than  the  assumed  limit. 

(5)  Reduction  of  speed  on  account  of  increased  difficuKi/  >,,  .>-- - ,  ,inj 
a  ship  in  a  restricted  waterway. — It  is  difticult  to  evaluate  this  condi- 
tion. Olwiously  it  depends  much  on  the  ability  of  the  pilot  and  much 
on  the  model  of  the  ship.  It  is  more  likely  to  be  important  in  narrow 
channels  than  in  wide  ones  and  of  greater  importance  as  the  clear- 
ance between  the  shi[)'s  bottom  and  the  be<l  of  the  channel  decreases. 

The  ship  assumed  in  this  discussion  foi*  the  30-foot  waterway  has  a 
clearance  of  3  feet  between  the  ship's  bottom  when  at  rest  and  the 
H.  Doc.  UK 15 
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bed  of  the  channel,  a  clearance  which  will  be  diminished  to  some 

extent  when  the  ship  moves.     Tliis  clearance  is  rather  more  than 

is  usual  under  large  ships  in  canals.     In  the  21-foot  waterway  it  is 

assumed  tliat  the  clearance  under  the  sliij)  at  rest  will  be  2  feet,  wliich 

corresponds  more  nearly  with  observed  cases. 

Table  II,  which  follows,  gives  a  list  of  vessels  observed  recentlj'  in 

the  St.  Clair  Flats  Canal.     It  includes  boats  of  a  carrying  capacity  of 

6,000  to  7,000  tons.     Several  of  the  largei-  ones  were  loaded  to  witliin 

less  than  2  feet  of  the  bed  of  the  channel.     It  will  be  noted  that  the 

actual  speeds  are  generally  less  than  those  in  Tables  III,  IV,  and  V, 

although  a  few  are  about  the  same,  as,  for  example,  the  Xorthern 

Light,  a  freight  boat,  and  the  passenger  ship  Northland.     This  is  a 

crowded  waterway,  and  the  speeds  are  limited  by  regulation  to  8  miles 

per  hour,  a  limit  often  exceeded.     There  seems  to  be  no  doubt  that 

this  limit  is  safe.     The  waterwaj'  is  short,  and  tliere  is  little  time  to 

be  gained  by  a  higher  limit  of  speed;  if  it  were  longer,  permitting  an 

appreciable  saving  of  time  with  higher  speeds,  thej'  would  doubtless 

be  attempted. 

Table  II. — Speeds  of  loaded  boats,  ivithout  toirs.  in  St.  Clair  Flats  Canal,  in 

statute  miles  per  hour. 

'•  piers,  say  72  square 
Current  in  ciianuel,  1.71  miles  per  hour.] 


[Section  of  canal  =  296  x  19.5  =  5.772  square  feet.    Deduct  for  shoal  water  near 
feet.    Net  cross-section  =  5.700  square  feet 


Ship. 


Fred  Mercur 

J.  N.  Glidden 

Topeka  

R.  P.  Fitzgerald.... 

Oceanica 

Vulcan 

Conemaugh 

Lehigh 

E.  E.  Schuck 

F.  B.  Prince 

Joliet 

La  Salle 

Majestic 

Mohawk 

City  of  London 

Mahoning. ...   

Republic 

North  Star 

Nortliern  Light 

Onoko-.- 

Owego  . . 

Cheinuusj 

Thomas  Maytham.. 

LIa>aba 

Kearsarge 

lenoiiscot 

Senator    

Presque  Isle 

Crescent  City 

Passenger  boats: 

Northland 

Arundel    (fast- 
est observed) - 
Idlewild 


Draft. 


Gross  Net 
ton-  i  ton- 
nage. :  nage. 


1.224 
1.322 
1,376 
1,681 
1,490 
1,759 
1,609 
1,704 
1.867 
2,047 
1,921 
1,921 
1,985 
2,357 
2. 005 
2, 189 
2,316 
2.476 
2.476 
2.  IM 
2.611 
2, 615 
2,329 
2,4;!1 
3.092 
3.5112 
4.048 
4.578 
4.213 


966 
1, 110 
1,111 
1.175 
1,241 
1.366 
1,4,53 
1,503 
1,523 
1,547 
1..596 
1,.596 
1,609 
1,616 
1.675 
1,704 
1.877 
1,885 
1,8<5 
I,9:» 
1.940 
1,943 
1.972 
1.992 
2.721 
2,864 
3.178 
3,  .570 
3.675 


Fore. 


Ft.  in. 

15  4 

16  6 
16  10 
1 


2.339     13 


257 

284 


Aft. 


Ft.  in. 

15  9 

16  6 

16  10 

17  2 
14 
17 
16 
15 
17 
14 
17 
17 
17 
15 
17 
16 
17 
16 
15 
16 
17 


16  0 

17  2 

16  5 

17  6 

17  0 

17  2 

18  0 
17  1 


26 

5      8  I  26 


*"  a 


Sq.  ft. 
534 
560 
588 
633 
518 
643 
5.58 
522 
676 
577 
649 
643 
660 
594 
683. 
620 
680 
620 
.597 
608 
676 
(i35 
683 
6:57 
748 
726 
750 
875 
796 

612 


*  -  S 


C*' 


1:10.7 
1:10.2 
1:  9.7 
1:  9.0 
1:11.0 
1:  8.9 
1:10.2 
1:10.9 
1:  8.4 
1:  9.9 
1:  8.8 
1:  8.9 
1:  8.6 
1:  9.6 
1:  8.3 
1:  9.2 
1:  8.4 
1:  9.2 
1:  9.5 
1:  9.4 
1:  8.4 
1:  9  0 
1:  8.3 
1:  9.0 
1:  7.6 
1:  7.8 
1;  7.6 
1:  6.5 
1:  7.2 

1:  9.3 


J3  '^  a 

x«;  a! 
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1:42.5 


Miles.  > 
6.48  ] 
6.02 
6.56 
9.41 
5.24  I 
6.31 
5.83  I 
8.17  i 
6.89  ; 
6.66  , 
8.54  ; 
5.83 
8.64 
8.80 
7.6:3 
8.41 
6.36 
6.81 

11.41 
6.34 
7.86 
7  (52 

5  16 

6  21 
6.36 
5.11 
6.70 
6.13 
7.36 

9.99 


1.5.41 
13.02 


X 

> 

t-      1 

*      1 

a     \ 

l» 

» 

0 

«3 

T3 

M 

<C 

O 

s 

P. 

« 

02 

0.67 

7,15 

.66 

6.68 

.75 

7.:3l 

1.18 

10. 59 

.,52 

5.76 

.80 

7.11 

.64 

6.47 

.8:1 

9.00 

.82 

7.71 

.  10 

7.41 

1.09 

9.6:1  1 

.74 

6,57 

1.16 

9.80 

1.02 

9.82 

1.05 

8.6:3 

1.(« 

9.44 

.86 

7.22 

.83 

7.64 

i.;v> 

12.  76  j 

.75 

7.09 

1.06 

8.92 

.95 

8  57 

.71 

5.87 

.78 

6.99 

.97 

7.33 

.  75 

5.86 

1.02 

7. 72 

1.12 

7.25 

1.18 

8.54 

1.20 

11.19 

.31 

13.33 

5^ 


W. 

w. 
w. 

A. 

w. 
w. 
w. 

A. 
W. 
W. 
W. 
W, 
W. 
W. 
A. 
W. 
W. 

w. 
w. 
w. 
w. 

A. 

w. 

A. 
W. 

w. 
w. 
w. 
w, 

w. 

w. 
w. 


Note.— Six  inches  deducted  from  maximum  draft  in  calculating  crosssection  of  ships. 
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The  Suez  Canal  affords  a  i^recedent  even  more  pertinent.  In  the 
orijjinal  canal,  havinji;  a  ])ottom  widtli  of  72  feet,  a  speed  of  <'i.2  statute 
miles  per  liour  was  fixed,  rather  with  regard  to  the  effect  (jf  wash  on 
the  channel  banks  than  to  safety  of  the  ship  itself.  If  it  were  not 
for  tlie  injurious  efiects  of  wash  on  the  banks  a  higher  speed  limit 
would  i^robably  liave  been  fixed.  There  can  be  no  doubt  that  a  speed 
of  8  miles  per  liour  in  tlie  rej^ular  cliannel  of  tlie  deep  waterwa}'  is 
relatively  less  than  the  si»e«Ml  ixM-niitled  in  the  iiari-ow  eliaimel  of  tlie 
Suez  Canal. 

In  the  300-f()()t  eliannels  excavated  in  open  water  in  liie  St.  Marys 
River,  boats  formerly'  ran  12  to  13  miles  per  hour.  This  is  a  crowded 
navigation,  the  number  of  boats  per  daj'  being  about  100,  Collisions 
were  frequent,  and  it  was  thought  necessary  to  establish  and  enforce 
rules  limiting  speeds  to  0  miles  per  hour. 

In  the  deep  waterwaj'  the  speed  of  the  tj-pe  ship  in  the  30-foot 
channel  of  300-foot  bottom  widtli  would  be  10  — 1.44  =  8.50  miles  per 
hour  (see  Table  III)  and  in  the  21-foot  waterway  of  300-foot  bottom 
width  10  —  1.36  =  8.64  miles  per  hour  (Table  Y),  both  within  ihe 
limit  established  in  the  St.  Mai-ys  River.  An  incjuiry  addressed  to 
Mr.  Josej)h  Ripley,  the  assistant  engineer  in  charge  of  the  St.  Marys 
River  and  St.  Marys  Falls  Canal,  elicited  the  following  reply,  extracted 
from  a  letter  dated  April  13,  1800: 

The  highest  permissible  speed  through  the  pre!<ent  cuts  at  Little  Rapids  and 
Hay  La.-e  depends  on  number,  size,  and  draft  of  boats,  and  whether  single  or 
with  tows.  For  the  commerce  of  last  season,  which  averaged  nearly  UU  boats 
per  day  for  that  part  of  the  river,  with  about  10  per  cent  of  them  over  400  feet  in 
length,  the  speed  should  not  exceed  St  miles  per  hour,  slowing  to  about  G  miles 
when  meeting  boats.  Under  the  above  conditions  there  were  two  collisions  in  the 
Little  Rapids  cut  last  season.  For  width  of  GOO  feet,  with  earth  banks,  the  speed 
could  be  safely  increased  to  11  or  \2  miles  per  hour,  checking  to  y  miles  when 
meeting  tows. 

The  channel  at  the  J^illle  Rapids,  to  which  Mr.  Ripley  refers,  has 
proved  troublesome  on  account  of  the  strong  current  tlirough  it  and 
cross  currents  caused  by  escape  of  water  into  lateral  channels.  Cur- 
rents as  strong  as  these  woultl  occur  in  the  deep  waterway  only  dur- 
ing very  unusual  floods.  Tliese  floods,  rare  as  tliey  are,  occur  almost 
without  exception  during  the  spring  break-up,  before  the  opening  of 
lake  navigation.  The  experience  at  the  Little  Rapids  does  not  apply 
to  the  movement  of  ships  in  slack  water  or  in  very  light  currents — 
the  latter  in  the  conditions  which  will  exist  in  the  deep  waterway — and 
under  such  conditions  the  examples  which  have  been  cited  support 
strongly  the  speeds  calculated  for  the  type  ships  in  their  respective 
waterways.  These  speeds  being  within  the  limit  of  successful  prac- 
tice need  no  further  reduction. 

The  ship  of  lU-foot  draft  in  the  30-foot  channel  will  have  at  least  10 
feet  of  water  under  its  keel  when  in  motion  in  the  waterway,  and  will 

steer  ;(s  well.  prncticMliy.  as  ill  npiMl  sea. 
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The  speeds  thus  far  discussed  refer  to  a  straight  channel,  with  no 
meeting  ships.  They  need  correction  for  reduced  speed  at  meeting 
points  and  on  curves. 

(0)  Reduction  of  speed  cd  meeting  points. — On  the  Suez,  the  ]Man- 
chestei",  and  other  sliip  canals,  when  two  large  ships  are  about  to  meet, 
one  ties  up  until  tlie  other  passes.  This  will  not  be  necessary  in  the 
greatly  wider  deep  waterway.  The  speed  of  both  shii)S,  however,  will 
have  to  be  reduced  in  the  narrow  cliannels.  The  proper  speed  at  the 
meeting  point  will  depend  obviously  on  tlie  width  of  the  channel,  the 
greater  the  width  the  greater  the  permissible  speed  at  the  meeting 
point.  In  a  channel  <J00  feet  wide  no  reduction  of  speed  will  be  neces- 
sary. In  the  .300-foot  wide  channels  of  the  St.  Mai-ys  River  a  reduc- 
tion of  speed  of  from  0  to  6  miles  per  hour  has  been  found  suificient, 
but  in  most  places  the  channel  is  dredged  through  shoal  water,  and 
the  escape  of  the  water  laterallj^  from  the  channel  may  possibl}'  facili- 
tate the  passing  of  ships.  While  it  lias  not  been  jjroven  that-  the 
movement  of  ships  is  thus  facilitated,  it  is  believed  some  weight 
should  be  given  to  this  consideration.  It  will  be  assumed,  therefore, 
that  the  speed  would  be  reduced  one-half  at  the  meeting  point  in  a 
channel  200  feet  wide  at  bottom.  In  wider  channels  the  reduction 
will  be  taken  as  diminishing  uniformly  with  increase  of  bottom  width, 
becoming  zero  when  the  bottom  width  is  000  feet. 

It  would  seem  that  if  two  ships  of  10  feet  draft  should  meet  in  the 
30-foot  channel  of  the  regulated  Mohawk  a  greater  speed  at  meeting 
points  would  be  permissible.  This  is  certainly  true,  but  to  make  it 
available  it  would  be  necessary  to  have  different  regulations  for  dif- 
ferent classes  of  ships,  which  would  be  o\)jectionable.  The  same  law 
of  reduction  is,  therefore,  applied  in  this  case  as  in  the  others. 

In  order  to  measure  the  effect  of  delays  at  meeting  points  it  is 
necessary  to  assume  a  navigation  period  and  a  traffic.  For  the  pres- 
ent discussion  the  number  of  days  of  navigation  per  year  will  be 
assumed  at  237.  In  calculating  the  amount  of  water  required  for  the 
supply  of  the  summit  level  it  was  assumed  that  the  annual  tonnage 
through  the  canal  would  be  25,000,000,  carried  in  8,333  ships,  giving 
35.2  ships  per  day,  or  1  in  41  minutes.  These  figures  are  for  the 
30- foot  waterway.  For  th«  21 -foot  waterway  the  same  traffic  may  be 
assumed  to  be  carried  in  10,000  ships,  giving  42.2  ships  per  day,  or  1 
in  34  minutes.  The  maximum  delay  from  meetings  will  occur  if  all 
ships  are  met  singly,  and  if  this  is  assumed  the  resulting  delay  will  be 
greater  than  the  truth  and  on  the  safe  side.  The  number  of  ships 
assumed  is  also  on  the  safe  side,  because  it  represents  the  full  capacity 
of  the  canal  with  ships  averaging  3,000  and  2,500  tons,  respectively, 
in  the  two  channels.  The  full  capacity  is  not  likely  to  be  reached  at 
once  and  the  ships  will  probably  be  larger,  thus  reducing  the  number 
of  ships  and  number  of  meetings  for  the  assumed  annual  traffic. 

When  shij)s  are  approaching  a  meeting  point  they  will  begin  reduc- 
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inj;  spt'tMl  wlicn  some  distanci*  a[»art,  this  (listajic<'  dpixMidiii};  on  the 
speed  at  which  they  ai-e  uioviiiLr  and  the  I'edueed  speed  to  he  attainefl. 

In  order  to  ascertain  tlie  time  reqiiii-ed  to  reduce  or  increase  speed 
an  informal  inciuiry  was  made  of  Mr.  Ripley,  who  pi'epai'ed  a  form  of 
rei^ort  as  a  circular  fordistril)Ution  amonji;  masters  of  vessels.  About 
100  of  these  reports  have  been  made  and  furnished  to  the  lioard  by 
Mr.  Ripley.  From  tliese  reports  those  of  17  of  the  lartrer  boats,  carry- 
in^i-  loads  and  moving  singly  (without  tows),  have  been  u.sed  to  deter- 
mine the  rate  of  change  of  speed.  The  reports  show  both  time  and 
estimated  distance  required  to  attain  tull  speed  from  a  stop  and  also 
to  stop  from  full  speed;  but  in  many  cases  the  ships'  wheels  were 
used  to  stop  speed,  which  would  generally  be  impracticable  in  a  nar- 
row channel.  Rejecting  those  cases  where  the  use  of  the  wheel  was 
noted  or  was  obvious,  the  rate  of  reduction  of  speed  seems  to  be  about 
the  same  as  the  rate  of  increase.  For  the  reason  that  there  still 
remained  some  doubt  as  to  the  use  of  the  wheel  in  stopping  it  has 
seemed  best  to  Imse  the  rate  of  change  of  speed  wholly  on  the  records 
relating  to  increase  of  spee<l. 

As  might  be  expected,  the  estimates  of  time  and  distance  made  by 
dilTerent  sailing  masters  vary  greatly.  Without  exact  observations 
it  is  not  easy  to  decide  when  a  ship  has  attained  full  speed.  It  is 
believed,  however,  that  a  sufficient  number  of  obscrxations  liavp  Ikmmi 
taken  to  eliminate  any  ijnportant  error. 

Taking  the  entire  set  of  17  observations,  the  average  rale  of  increase 
of  speed  fi'om  stop  to  full  speed  is  1  mile  per  hour  while  the  ship 
traverses  440  feet.  As  the  time  was  also  noted,  the  mean  time  re(juired 
for  an  increase  of  speed  of  1  mile  jhm'  hour  is  found  to  be  nine-tenths 
of  a  minute.  In  this  interval  a  ship  moving  l-J  miles  pei*  hour — the 
average  full  speed  of  the  boats  observed — would  traverse  a  distance 
of  3!»<i  feet.     This  agrees  well  enough  with  the  former  determination. 

Rejecting  S  of  the  observations — the  lowest  four  and  the  liighest 
four — the  remaining  0,  reduced  in  the  same  manner,  give  averages  of 
change  of  s^jeed  of  1  mile  per  hour  in  350  and  33(5  feet,  respectively. 
This  result  is  probably  more  nearly  correct  than  the  former.  In  order 
to  be  on  the  safe  side  the  distance  of  400  feet  is  hei-e  accepted  as 
retiuired  for  a  change  of  speed  of  1  mile  i)er  hour. 

This  conclusion  is  based  on  the  assumption  that  the  change  of  speed 
varies  directly  with  the  distance  traversed.  It  nuiy  seem  that  the 
higher  the  speed  the  greater  the  di.stance  to  be  traversed  for  an 
increase  of  1  mile  per  hour.  This  is  very  probably  the  case.  On  the 
other  hand,  when  the  engines  are  stoppe<l  it  is  probable  that  the  rate 
diminishes  more  i-apidly  at  first  than  after  the  .sjK*ed  has  been  much 
reduced.  If  this  is  true,  the  two  variations  from  the  mean  tend  to 
offset  each  other,  an<l  the  average  distan<'e  <leduced  above  will  not  be 
mucii  in  error  for  the  entire  cycle  of  reduction  and  increase. 

In  order  to  produce  the  minimum  delay  at  a  meeting  point  the  ship's 
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engines  should  be  stopped  at  the  exact  moment  required  to  permit  the 
proj)er  reduction  of  speed  to  be  attained  when  the  bow  of  the  ship  is 
opposite  the  bow  of  the  meeting  ship.  The  engines  should  be  started 
at  full  speed  at  the  moment  when  the  ships  are  clear  and  not  before, 
or  when  each  ship  has  moved  its  length.  For  the  type  ship  in  the 
30-foot  channel  this  distance  is  550  feet.  It  will  not  be  practicable, 
however,  to  realize  this  ideal  movement.  The  pilot  will  not  be  able 
to  judge  with  the  required  precision  either  the  distance  to  the  other 
boat  or  the  speed  of  his  own,  and  it  is  probable  that  the  required 
reduced  rate  will  be  attained  before  the  ships  meet.  As  a  basis  for 
calculation,  it  is  assumed  that  after  the  required  reduction  of  speed 
has  been  attained  the  ship  will  continue  under  check  at  this  rate  for 
a  distance  of  1,000  feet,  and  will  then  proceed  with  engines  at  full 
speed.  This  assumption  will  be  applied  to  both  type  ships.  The  cal- 
culations are  made  in  the  following  manner: 

Required  the  delay  to  a  ship  in  the  standard  30-foot  channel: 
The  full  speed  in  this  channel  is  8.04  miles  per  hour.     (See  Table 
III.)     The  reduction  of  speed  will  be 

,       ,     ,     (300-203      ,  ,^      ., 

ix  b.O-JrX  ,.Q^._oQQ  =  3.99  miles  per  hour, 

and  the  minimum  speed  at  meeting  point  will  1)p  s.04— 3.0'.)  =  -1:.05 
miles  per  hour. 

The  speed  is  to  be  reduced  from  8.04  to  4.05  miles  per  hour  and  to  be 
maintained  at  this  rate  for  a  distance  of  1,000  feet  and  then  increased 
to  8.04  miles  per  hour. 

Feet. 

Distance  to  be  traversed  while  reducing  speed,  400x3.99 1,596 

Distance  to  be  traversed  at  minimum  speed 1. 000 

Distance  to  be  traversed  while  increasing  speed  400x3.99 l,o9ij 

Total.- 4.192 

Minutes. 

Time  required  for  1 ,596  feet  at  A  (8.04+4.05)  miles  per  hour 3. 00 

Time  required  for  1,000  feet  at  4.05  miles  per  hour 2.  81 

Time  required  for  1,596  feet  at  k  (8.04+4.06)  miles  per  hour 3. 00 

Total   8.81 

Time  required  to  traverse  4,192  feet  at  8.04  miles  per  hour .  _ 5. 92 

Time  lost 2.89 

This  loss  of  time  will  occur  at  each  meeting  in  the  given  channel. 
According  to  the  assumption,  meetings  will  occur  every  41  minutes. 

2.89 
The  loss  of  time  is  therefore  -jr-  of  the  total.     The  distance  passed 

,       ,       ,  .        .„  ,     41-2.89      38.11    .    ,      ,. 
over  by  the  ship  will  be — t^| =     .,    ot  the  distance  it  would  move 
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ill  41  miuiiifs  ir  iIkmh'  \vt*rt*  no  ineetinj;^s.      lis  mean  Npc«'«l  is  llicieruie 

38.11 

— ii     of  the  speed  it  would  have  if  there  were  no  ineetinj:fs,  or 

38  11 
S.()4x     i-.    =7.47  miles  per  hour ^^^ average  speed  of  ship. 

In  this  inaiiiier  the  speeds  in  column  10  of  Table  III  have  been  cal- 
culated. In  column  10  of  Table  IV  are  the  speeds  in  the  .'JO-foot 
waterway  in  the  Mohawk  Valley  if  it  forms  part  of  a  21-foot  naviga- 
tion. In  column  10  of  Table  V  are  the  speeds  in  the  21-foot  waterway. 
The  speeds  in  Tables  IV  an<l  V  are-  calculated  in  precisely  the  same 
manner  as  in  Table  III,  except  that  meetings  for  the  21-foot  naviga- 
tion are  taken  as  occurring  once  in  34  minutes  instead  of  once  in  41 
minutes.  These  are  the  average  speeds  on  tangents  and  require 
correction  on  curves. 

The  tabulated  speeds  in  column  10  of  the  tables  are  reproduced 
graphically  on  fig.  1,  where  the  abcissas  are  the  bottom  widths  of 
channel  and  the  ordinates  are  speeds. 


Table  III. — Speed,  in  statute  miles  per  hour,  of  s/iip  54"  feet  long  over  all,  oS  feet 
beam,  :27  feet  draft,  in  30-foot  channel. 


1 

2 

:j 

1 

5 

6 

7 

8 

9 

10 

Retarda- 

Reduc- 

Bottom 
width  of 

A 

(• 

Speed 
of ship 

Lo.ss  of 
speed 
on  en- 

Speed in  i  tion  due 

shoal      t"  I'ack 

water  of    now  in 

Full 
speed  on 

tion  of 

average 

speed 

Average 
sweed  of 
snip  on 

channel 

in  open 

tering 
.shoal 
water. 

unlimit-   restrict- 

tan- 

caused 

tan 

sea. 

ed  width,  ed chan- 
nel.! 

gents. 

Vjy  meet- 
ings. 

gents. 

Feet. 

203 

7,990 

5.10 

12.5 

2.5 

10           1.96 

8.(W 

0. 57 

7.47 

210 

K.200 

5.24 

12.5 

2.5 

10           1.91 

8.09 

.54 

7.55 

220 

8,5(t() 

5.4;3 

12. 5 

2.5 

10  ,         1.84 

8.16 

.52 

7.(!4 

330 

8.  S()0 

5.  t>2 

12.5 

3.5 

10           1.78 

8.22 

.49 

7.73 

240 

9.  1(K) 

5.81 

12. 5 

2.5 

10           1.72 

8.28 

.47 

7.81 

250 

9.4(10 

ti.  (W 

12. 5 

2.5 

10            1.67 

8.3:1 

.44 

7.89 

2«0 

9.  7(10 

ti.19 

12.5 

2.5 

10            1.62 

8  38 

.41 

7.97 

2«0 

10,:i()0 

6.  .58 

12.5 

2.5 

10            1.52 

8.4« 

.37 

8.11 

31H) 

10.  9(10 

15.  {« 

12.5 

2.5 

10'          1.44 

8.56 

.33 

8.2:1 

320 

11.. 500 

7.34 

12.5 

2.5 

10          i.:w 

8.64 

.29 

8.35 

340 

12,  KiO 

7.73 

12.5 

2.6 

10            1.29 

8.71 

.25 

8.46 

3dO 

12, 700 

8.1J 

12.5 

2.5 

10            1.2:3 

8.77 

22 

8.  .55 

3«<» 

13,300 

8.49 

12.5 

2.5 

10            1.18 

8.82 

ITS 

8.63 

4<H) 

13,!)00 

8.88 

12.5 

2.5 

10            1. 13 

8.87" 

.16 

8.71 

420 

14.500 

9.26 

12.5 

2.5 

10             1.08 

8.92 

.14 

8.78 

440 

15.1(10 

9.64 

12.5 

2.5 

10             1.04 

8.JW 

.11 

8.80 

4<)fl 

15, 700 

10.03 

12.5 

2.5 

10         \.m 

9.00 

.09 

8.91 

470 

16, 000 

10.22 

12.5 

2  5 

10              .98 

9.02 

.08 

8.94 

1           tJOO 

19,900 

12.71 

12.5 

2.5 

10              .  79 

9.21 

.00 

9.  21 

800 

25,it00 

16.  .54 

12.5 

2.5 

111              .60 

9.4U 

.00 

9.40 

l.OUO 

31,900 

ao.37 

12.3 

2.5 

10             .49 

o.u 

.00 

9.51 

EquaU  velocity  of  back  flow. 
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Table  IV. — Speed,  in  statute  miles  per  hour,  of  ship  4S0  feet  long  o\-er  all,  52  feet 
beam,  19  feet  draft,  in  3o-foot  channel. 


1 

3 

3 

4 

5 

6 

Retarda- 

8 

9 
Reduc- 

10 

Bottom 
width  of 

A 

;• 

Speed 
of  .ship 

Loss  of 
speed 
on  en- 

Speed in 

shoal 
water  of 

tion  due 
to  back 
flow  in 

Full 
speed  on 

tion  of 

average 

speed 

Average 
speed  of 
ship  on 

channel. 

in  open 

tering 

unlimit- 

restrict- 

tan- 

caused 

tan- 

sea. 

shoal 
water. 

ed  width. 

ed  chan- 
nel.' 

gents. 

by  meet- 
ings. 

gents. 

Feet. 

203 

7,090 

8.09 

12.5 

1.35 

11.25 

1.39 

9.86 

0.76 

9.10 

210 

8.300 

8.30 

12.5 

1.25 

11.25 

I.a5 

9.90 

.73 

9.17 

320 

8,500 

8.60 

12.5 

1.25 

11.35 

1.31 

9.94 

.70 

9.24 

230 

8,80f) 

8.90 

12.5 

1.25 

11.25 

1.2t} 

9.99 

.66 

9  33 

240 

9,100 

9.21 

12.5 

1.25 

11.25 

1.22 

10.03 

.63 

9.40 

2.50 

9,4(10 

9.51 

13.5 

1.25 

11.25 

1.18 

10.07 

.59 

9.48 

360 

9,700 

9.82 

12.5 

1.35 

11.25 

1.15 

10.10 

.56 

fl.54 

2S0 

10,3(10 

10. 42 

12.5 

1.35 

11.25 

1.08 

10. 17 

.49 

9.68 

300 

10,900 

11.03 

12.5 

1.25 

11.25 

l.tri 

1(1.33 

.44 

9.78 

320 

11,. 500 

11.64 

13.5 

1.25 

11.25 

.97 

10. 38 

.39 

9.89 

340 

12,100 

12.24 

12.5 

1.25 

11.25 

.93 

10.33 

.34 

9.99 

3«0 

12,7(X) 

13.85 

12.5 

1.25 

11.2.5 

.88, 

1(1.37 

.30 

10. 07 

380 

13,300 

13.46 

12.5 

1.25 

11.35 

.84 

10. 41 

.25 

10.16 

400 

13.900 

14.07 

12.5 

1.35 

11.25 

.80 

1(1. 45 

.22 

10.23 

420 

14,500 

14.67 

12.5 

1.25 

11.25 

77 

li».48 

.18 

10.30 

440 

15, 1(K) 

15.38 

13.5 

1.25 

11.25 

!74 

10.51 

.15 

10.36 

4(51) 

15, 700 

15.89 

12.5 

1.25 

11.25 

.71 

10.54 

.13 

10.42 

470 

16,000 

16.19 

13.5 

1.25 

11.35 

.70 

10.55 

.10 

10. 45 

(iOO 

19.900 

20.14 

12.5 

1.25 

11.35 

.58 

10.69 

.00 

10.69 

800 

2.5, 90 1 

20.21 

12.5 

1.25 

11.35 

.43 

10.83 

.'JO 

10.82 

1,000 

31,900 

32.29 

12.5 

1.25 

11.35 

.35 

10.90 

.00 

10.90 

'  Equals  velocity  of  liack  flow. 

Table  V. — Speed,  in  statute  miles  per  honr,  of  ship  4SO  feet  long  over  all.  52  feet 
beam,  19  feet  draft,  in  21-foot  channel. 


1 

2 

3 

I 

5 

6 

Retarda- 

8 

9 
Reduc- 

10 

Loss  of 

!?peed  m 

tion  due 

Full 
speed  on 
tan- 
gents. 

tion  of 

Average 

Bottom 

Speed 
of  ship 

speed 

shoal 

to  back 

average 

speed  of 

width  of 

■     A 

r 

ou  en- 

water of 

flow  in 

speed 

ship  on 

channel. 

in  open 
sea. 

tering 
shoal 

unlimit- 
ed width 

restrict- 
ed chan- 

caused 
by  meet- 

tan- 
gents. 

water. 

nel.' 

ings. 

Feet. 

215 

5,497 

5.54 

12.5 

2.5 

10 

1.81 

8.19 

0.64 

7.55 

230 

5,602 

5.67 

13.5 

2.5 

10 

1.76 

8.24 

.63 

7.61 

2m 

5,812 

5.88 

12.5 

2.5 

10 

1.70 

8.30 

.60 

7.70 

240 

6.022 

6.09 

12.5 

2.5 

10 

1.04 

8.36 

.57 

7.79 

2.50 

6.333 

6.31 

12.5 

2.5 

10 

1.58 

8.42 

.53 

7.89 

260 

0.443 

6.53 

13.5 

2.5 

10 

1.53 

8.47 

.50 

7.97 

280 

6,862 

6.94 

12.5 

2.5 

10 

1.44 

8.56 

.45 

8.11 

3(X) 

7,282 

7.37 

12.5 

2.5 

10 

1.3(5 

8.64 

.40 

8.24 

320 

7.702 

7,79 

12.5 

2.5 

10 

1.28 

8.72 

.35 

8.37 

340 

8, 122 

8.33 

12.5 

2.5 

10 

1.22 

8.78 

.31 

8.47 

360 

8.. 542 

8.65 

12.5 

2.5 

10 

1.16 

8.84 

.27 

8.57 

380 

8. 963 

9.07 

12.5 

2.5 

10 

1.10 

8.90 

.23 

8.67 

400 

9.3S2 

9.  ,50 

13.5 

2.5 

10 

i.a5 

8.95 

.19 

8.76 

420 

9. 803 

9.92 

12.5 

2.5 

10 

1.01 

8.99 

.16 

8.83 

440 

10.223 

10.34 

12.5 

2.5 

10 

.97 

9.03 

.14 

8.89 

460 

10. 642 

10.77 

12.5 

2.5 

10 

.93 

9.07 

.11 

8.96 

470 

10,a52 

10.98 

12.5 

2.5 

10 

.91 

9.09 

.10 

8.99 

(iOO 

13.  .582 

13.  75 

12.5 

2.5 

10 

.73 

9.27 

.00 

9.27 

800 

17,  783 

18.00 

12.5 

2.5 

10 

.56 

9.44 

.00 

9.44 

1,000 

21.983 

22.25 

12.5 

2.5 

10 

.45 

9.55 

.00 

9.55 

'  Equals  velocity  of  back  flow. 

(7)  Reduction  of  speed  on  curves. — The  speed  of  tlie  ship  will  be 
less  on  curves  than  on  taiij^ents,  because  the  steering  will  be  a  little 
more  difficult.     Some  eomj)ensatioii  is  made  for  this  in  designing-  the 
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waterway  by  increasing  the  witltli  on  curves,  'i'iie  reduction  of  .^peed 
will  be  less  as  the  width  of  the  channel  increases.  The  speed  of  meet- 
ing ships  may  also  l)e  reduced.  This  is  hardly  likely  to  be  the  case 
in  the  narrow  channels,  as  the  spee<l  already  allowed  for  is  barely 
sufficient  for  steerage  way,  but  in  the  wider  ones  the  reduction  of 
speed  on  curves  at  meeting  points  may  be  appreciable.  The  subject 
does  not  admit  of  analjsis;  Ihei-e  ai-e  no  i-eliable  precedents,  and  the 
best  that  can  be  done  is  to  make  empirical  rules.  The  following  are 
proposed : 

First.  For  channels  of  standai'd  width,  reduce  the  speed  from  Tables 
Til   IV,  and  V  by 

1.0  X  degree  <>!'  curve. 

Second.  It  is  not  believed  that  any  reduction  of  speed  will  be 
required  in  channels  600  feet  wide.  For  intermediate  widths,  multi- 
ply the  reduction  obtained  b}'  the  preceding  rule  by  the  ratio: 

600  —  Bottom  width  of  channel  in  ([uestiom 
600—  Bottom  width  of  standard  channeF. 

SUMMARY. 

In  the  foregoing  discussion  two  type  ships  have  l)een  taken,  one  540 
feet  long,  58  feet  beam,  and  27  feet  draft;  the  other  480  feet  long,  52 
feet  beam,  and  li»  feet  draft.  The  larger  ship  is  assumed  to  he  sea- 
going; the  smaller  ship  is  assumed  to  navigate  the  lakes  and  deep 
waterways  to  tide  water,  and  both  are  to  have  a  speed  of  12.5  statute 
miles  per  hour  in  open  sea. 

The  discussion  then  takes  up  the  principal  causes  of  retardation 
when  a  ship  passes  from  open  sea  into  a  restricted  channel  and  treats 
them  singly,  making  use  of  recorded  observations  where  possible  and 
of  theoretical  discussion  where  observations  are  wanting. 

The  retardation  when  passing  from  deep  open  sea  to  shoal  water 
of  unlimited  width  is  determined  from  observations  in  Lake  Huron 
and  Lake  St.  Clair.  The  reduction  accepted  for  the  di.scussion  is 
somewhat  greater  than  that  observed,  and,  therefore,  is  on  the  .safe 
side. 

The  retardation  due  to  back  flow  and  the  retardation  due  to  cud 
resistance  areti-eated  theoretically. 

The  relation  between  speed  of  ship  and  injurious  washing  of  slopes 
is  treated  theoretically,  and  the  results  checked  by  experience  on  sev- 
eral artificial  waterways. 

At  this  point  the  dilhculty  of  steering  a  shii)  in  a  narrow  ehannel 
and  the  danger  of  grounding  on  the  side  slopes  is  taken  up  and  tiic 
ccmclusion  reache<l,  by  referenee  to  experience  in  other  waterways, 
that  there  will  be  no  material  difficulty  in  this  res])ect  on  tangents  of 
the  deep  waterway. 

The  reduction  of  si)ee<l,  which  will  he  necessary  when  ship>  meet, 
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is  discussed  on  a  liberal  basis  of  reduction  of  speed,  and  the  time  lost 
is  determined  from  the  results  of  recent  observations  in  the  Great 
Lakes. 

The  reduction  of  speed  when  passing  from  a  tangent  to  a  curve 
depends  as  much  on  the  skill  or  timidity  of  the  pilot  as  on  anything 
else,  and  can  not  be  analyzed.  Observations  are  lacking,  and  a  purely 
arbitrary  assumption  is  made. 

The  theoretical  discussions  are  extremely  elementary  and  might  be 
developed.  It  is  not  believed,  however,  that  their  usefulness  for  the 
present  purpose  would  be  enhanced. 

VALUE   OF   THE   RESULTS. 

The  theoretical  portion  of  this  discussion  covers  so  large  a  part  of 
the  subject  and  is  necessarily  so  incomplete,  both  in  scope  and  treat- 
ment, that  the  results  would  have  very  little  value  unless  checked  by 
observations.  An  examination  of  the  speed  curves  (fig.  1)  will  facili- 
tate an  estimation  of  value  of  the  results,  and  it  will  be  advantageous 
to  study  each  curve  separately. 

First.  Ship  480  by  52  by  10  feet  draft  in  the  21-foot  channel.  A 
channel  1,000  feet  wide  is  obviously  the  equivalent  of  a  channel  of 
unlimited  width  as  regards  the  movement  of  a  ship.  Tlie  Lake 
St.  Clair  observations  show  that  in  the  shallow  water  of  that  lake, 
where  the  depth  of  water  exceeded  by  about  2|  feet  the  draft  of  the 
boat,  the  loss  of  speed  was  considerably  less  that  20  per  cent ;  20  per 
cent  was  taken  for  this  discussion  to  be  on  the  safe  side.  The  theo- 
retical determination  of  retardation  due  to  back  flow  gave  a  loss  of 
speed  due  to  the  narrowing  of  the  channel  to  1,000  feet  of  0.45  mile  per 
hour.  There  can  be  little  doubt  that  this  is  excessive.  The  same  cal- 
culation shows  a  loss  of  speed  of  0.7.'}  mile  per  hour  when  the  channel  is 
narrowed  to  iJO()  feet,  and  there  can  be  no  doubt  that  the  allowance  is 
sufficient.  It  is  also  obvious  that  the  permissible  speed  will  be  reduced 
in  increasing  ratio  as  the  channel  is  narrowed,  and  therefore  tlie  curve 
should  be  convex  upward.  If,  however,  this  were  not  true,  and  the 
reduction  of  speed  varied  in  direct  ratio  to  decrease  in  width,  the  curve 
from  its  lowest  point  to,  say,  the  point  corresponding  with  a  channel 
width  of  600  feet  would  be  a  straight  line.  The  maximum  deviation 
of  this  straight  line  from  the  platted  curve  is  less  than  0.4  mile  per 
hour.  The  speed  for  a  bottom  width  of  300  feet  is  onlj'  0.64  more  than 
the  speed  allowed  by  regulations  in  the  crowded  St.  Clair  Flats  Canal, 
and  is  much  less  than  frequently  attained  there.  This  curve,  then, 
being  checked  at  its  lowest  point  by  observation — being  shown  by 
observation  to  be  a  little  too  low  at  its  highest  point  and  having  a 
logical  direction  between  witli  no  possibility  of  material  error — is 
entitled  to  confidence. 

Second.  Ship  480  by  52  by  19  feet  draft  in  the  30-foot  channel. 
The  difference  in  the  position  of  this  curve  and  the  preceding  one  is 
due  to  the  smaller  reduction  of  speed  for  limitation  of  channel  depth. 
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This  ship  would  hjive  11  feet  of  water  under  the  keel,  and  it  sliouUl 
suffer  little  reduction  of  speed  on  this  account.  The  value  taken,  10 
per  cent,  must  be  considerably  excessive.  With  such  a  depth  nf  water 
under  the  keel  the  ship  would  steer  well.  The  lowest  point  of  this 
curve  is  not  so  well  connected  with  observations  as  the  preceding;  one; 
but  it  may  be  remarked  that  in  the  Manchester  Canal,  whieli  has  a 
bottom  width  of  only  120  feet,  much  higher  speeds  are  permitt<*<l  and 
attained  by  light-draft  boats.  While  this  curve  is  not  as  thoroughly 
checked  by  observation  as  th<'  preceding  one,  it  is  believed  to  be 
trustworthy. 

Third.  Ship  540  by  58  by  27  feet  draft  in  the  30-foot  channel.  The 
relation  between  this  type  ship  and  its  channel  are  very  nearly  the 
same  as  the  relations  of  the  smaller  type  ship  to  the  21-foot  channel. 
The  reduction  of  speed  on  entering  shoal  water  of  unlimited  width  is 
taken  at  20  per  cent,  which  is  doubtless  somewhat  excessive.  The 
calculated  retardation  due  to  back  flow  in  a  channel  1,0(X)  feet  wide 
at  bottom,  0.40  mile  per  hour,  is  doubtless  somewhat  excessive;  in  a 
channel  GOO  feet  wide,  the  calculated  retardation  is  0.79  mile  per 
hour,  which  is  doubtless  adeciuate.  In  a  channel  3(X)  feet  wide,  the 
calculated  speed  is  S.5<;  miles  i3er  hour,  which  is  less  than  fre<iuently 
attained  in  the  St.  Clair  Flats  Canal.  It  is  obvious  that  this  curve 
should  also  be  convex  upward.  Taking  the  portion  included  between 
abscissas  corresponding  to  l)ottom  width  of  203  and  tiOO  feet,  the  maxi- 
mum deviation  of  the  speed  curve  from  a  straight  liiu'  is  less  than 
0.4  mile  per  hour.  The  error  in  the  curve  must  be  less  than  this  if 
the  spee«ls  at  the  extremities  of  the  curve  are  correct.  The  curve 
agrees  well  with  the  speeds  permitted  in  the  Suez  Canal  after  allow- 
ing for  the  difference  in  channel  width,  and  corresponds  so  closely  in 
form  to  the  curve  for  the  smaller  type  in  the  21 -foot  waterway  that  it 
is  presented  with  considerable  confidence  in  its  correctness. 

Respectfully  submitted. 

Alfkei>  Not'. i.e. 

The  Board  of  Engineers  on  Deep  Waterways. 


Appendix  No.  o. — Part  1. 
comparison  of  waterways. 

The  value  to  commerce  of  any  waterway  from  the  Lakes  to  tide 
water  <lepends  upon  the  amount  and  nature  of  the  tonnage  it  is 
cai)abUM)f  passing,  the  spee<l  at  which  restricted  portionscan  be  safely 
navigated,  the  sailing  time  between  tei'minals  for  ships  best  adapted 
to  its  use,  and  tli»'  <''>-^'  '"'i-  t.in-niil.'  t'm-  ir.uwndrtinir  fri'iirlif  lunlfr 
normal  condition^ 

From  these  eonsideiHlious  ii  is  evi<.lei»l  thai  Irom  i><)ih  »'«'oiinmie 
and  eiiLiiiieeriiii,'  points  of  view  the   iniportane*'  of  the  waterway  will 
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depend  upon  its  depth,  ratio  of  cross  section  to  that  of  the  type  ship 
which  will  use  it,  the  stability  of  its  banks,  its  length  and  location, 
the  cost  to  construct,  operate,  and  maintain  it,  and  the  indirect  bene- 
fits to  the  territorry  tributarj-  to  the  route. 

The  waterway  will  consist  of  two  distinct  divisions.  First,  the  lake 
waterways,  connecting  channels  and  harbors,  and,  second,  the  ship 
canal  from  the  Lakes  to  the  Atlantic. 

It  has  been  shown  elsewhere  that  the  dimensions  of  the  latter  should 
be  such  as  to  furnish  safe  and  ensy  transit  for  the  type  of  ships  best 
adapted  for  the  waterways  connected,  from  which  it  is  evident  that 
whatever  deptli  is  to  be  established  for  the  lake  harbors  and  water- 
ways should  be  made  the  basis  of  the  design  for  any  canal  which  may 
be  constructed  to  connect  such  cliannels  with  the  seaboard. 

The  cost  to  carry  a  ton  of  fi*eiglit  1  mile  in  the  lake  traffic  is  a 
function  of  the  original  cost  of  improvements,  annual  expenditures 
for  operation  and  maintenance,  and  of  the  speed,  carrying  capacity, 
fixed  charges,  and  daily  expenses  of  the  ship  in  which  tran-spoi'ted. 

It  has  been  found  from  actual  experience  that  the  economical  carry- 
ing capacity  of  ships  depends  upon  the  depths  of  harbors  and  chan- 
nels to  be  used,  and  upon  the  speeds  at  which  the  waterways  are  to 
be  traversed. 

For  the  type  of  ships  best  adapted  for  lake  traffic,  speed  in  excess 
of  about  I2i  statute  miles  per  hour  in  the  open  lake  involves  a  corre- 
sponding decrease  in  freight  capacity,  or  an  increase  in  amount  of 
fuel  per  mile  run,  either  of  wliicli  will  increase  tlie  rale  i)er  ton  mile 
of  the  freight  carried. 

Tlie  economical  carrying  cai)acity  of  a  ship  increases  rapidly  with 
the  draft  which  the  waterways  will  allow,  and,  since  the  cost  of  chan- 
nel and  harbor  improvements  increase  rapidly  with  the  depths  to  be 
maintained,  it  is  important  that  the  depth  of  lake  channels  l)e  deter- 
mined at  wiiich  the  cost  of  transportation  of  the  lake  freight  will  be  a 
minimum  for  ships  best  adapted  for  the  business  and  safe  navigation. 

The  depth  of  water  at  mean  stage  at  the  foot  of  Lake  Huron, 
through  Lake  St.  Clair,  and  at  the  head  of  Lake  Erie  is  from  20  to  21 
feet,  and,  therefore,  for  all  navigable  channels  over  21  feet  deep  the  cost 
per  foot  of  improvement  and  for  maintenance  will  be  greatlj-  in 
excess  of  that  for  waterways  of  less  depth.  The  conditions  at  the 
entrance  of  the  lake  harbors  are  such  as  to  produce  a  similar  effect  on 
cost  of  improvement  for  different  depths. 

The  cost  in  the  past  for  deepening  all  the  hai'boi's  and  waterways  of 
the  lake  system  has  been  about  So, 000,000  per  foot  of  increase.  From 
the  best  available  data,  it  is  estimated  that  for  depths  between  21  and  30 
feet  the  cost  for  similar  improvement  will  be  about  $7,000,000  per 
foot. 

Assuming  that  the  Government  pays  3  jier  cent  for  the  money 
expended  on  improvements,  and  one-half  of  1  per  cent  of  cost  for 
maintenance   of  improved   channels,   the  annual   increase   in   fixed 


cliarLics  lor  each  additional  lootdcplh  of  waterways  wituid  he  appiox- 
imat«*ly  $175,000  for  chaiinols  less  than  -Jl  iWt  deep,  and  *:?45,0(t()  for 
channels  between  21  and  30  feet  deep. 

The  actual  freight  carried  on  the  lakes  in  ls'.»i>  ua>  imi  lai-  lioin 
40,000,000  tons,  making  the  average  increase  for  the  cost  per  t<ni  trans- 
ported, ^'O.OOiJ:  and  *0.00<J1,  respectively,  for  fixed  charges  due  to  1  foot 
improvement  of  channels.  The  actual  average  rate  per  ton  charged 
for  freight  passing  Sault  Ste.  Marie  in  1S90  was  $0.87,  from  which  it 
appears  that  tlie  cost  of  improving  the  harl)orsand  channels  less  than 
21  feet  deep  will  increase  the  rate  of  transportation  one-half  of  1  per 
cent,  and  for  channels  between  21  and  30  feet  deep,  seven-tenths  of  1 
per  cent  for  each  foot  of  imiDrovement. 

Ships  capable  of  steaming  12^  statute  miles  per  hour  in  the  open 
lake  make  from  twenty-three  to  twenty-five  round  trips  between 
Buffalo  and  Duluth  during  an  average  season  of  navigation,  or  a  round 
trip  once  in  t*Mi  days,  three  days  of  which  are  diu'  to  terminal  deten- 
tions. 

Referring  to  the  cost  and  running  expenses  of  type  carriers  l)est 
adapted  to  waterways  of  21  and  30  feet  depths,  given  in  table  on  page 
253,  and  assumingthatthese  steamers  make  the  same  number  of  round 
trips  per  season  in  the  resi^ective  waterways  as  the  larger  ships  now  in 
the  service,  the  cost  per  ton-mile  for  transportation,  not  including 
sinking  fund  and  profit  to  shipowner,  would  be  0.350  mills  for  the 
21-foot  channel  and  0.338  mills  for  the  30- foot  channel,  from  which  it 
appears  that  the  decrease  in  cost  of  transportation,  due  to  increase 
of  draft  of  ship,  would  amount  to  about  one-third  of  1  per  cent  of  the 
transportation  rate  for  each  foot  increase,  indicating  that  for  the  type 
of  ship  considered  there  is  no  economy  in  improving  lake  channels 
where  21  feet  deep,  and  that,  with  the  depth  of  waterway  increased  to 
30  feet,  the  interest  on  cost  of  improvement,  witli  annual  nuiintenance, 
would  be  at  least  twice  the  amount  that  woidd  be  saved  to  the  producer 
by  lower  rates  of  transportation  likely  to  result  from  deeper  channels. 

It  is  true  that  the  fixed  charges  arising  from  interest  on  the  cost  of 
construction,  with  annual  expense  for  operation  and  maintenance, 
are  paid  by  the  Governmentp  but  whether  paid  from  (Tovernment 
revenues  or  by  a  toll  on  traffic,  the  net  result  is  the  same. 

A  draft  of  19  feet  is  necessary  for  vessels  best  adapted  for  the  com- 
merce and  safe  navigation  of  the  lakes,  and  since  the  free  movement 
of  ships  in  shallow  water  requires  at  least  2  feet  of  water  between  the 
keel  and  bottom  where  the  shallow  channel  is  of  considerable  lengtli, 
it  appears  that  21  feet  is  about  the  least  depth  which  can  be  estab- 
lished for  the  lake  waterways  consistent  with  seeming  a  minimum 
rate  of  transportation  for  ships  best  adapted  for  the  lake  service. 

The  traffic  capacity  of  the  lake  system  of  waterways  is  practically 
unlimited  excei)t  at  Sault  Ste.  Marie,  where  additional  locks  will  be 
needed  with  the  development  of  new  commerce. 

The  present  structur«'s  at  Sault  Ste.  Marie  aic  aila[)ted  for  i)assing 
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the  ships  which  will  navigate  the  lakes,  if  the  ultimate  depth  of  har- 
bors and  waterwaj's  be  fixed  at  21  feet,  and  it  is  probable  that,  with 
such  limit  definitely  fixed,  the  construction  of  ships  in  the  future 
would  be  adapted  to  the  conditions  and  their  dimensions  become 
more  uniform  than  at  present.  A  sj'stem  of  21 -foot  channels  can  be 
easily  comj)leted  in  the  near  future  by  regulating  the  levels  of  Lake 
Erie  and  Lake  St.  Clair  above  the  present  mean  stage  and  improving 
the  St.  Marys  River  and  the  entrances  of  lake  harbors  to  correspond. 
If,  however,  a  greater  depth  than  21  feet  be  fixed  foi*  the  navigable 
channels  the  cost  will  be  enormously  increased,  a  long  time  will  be 
consumed  in  executing  the  work,  and  millions  of  dollars'  worth  of 
vessel  property  will  become  obsolete  bj'  being  forced  out  of  business 
by  larger  freight  carriers  as  the  depths  of  connecting  channels  are 
gradually  increased. 

The  one  thing  above  all  others  essential  for  securing  a  fixed  mini- 
mum rate  of  transportation  on  the  Great  Lakes  is  to  have  the  final 
depth  to  be  given  waterways  definitely  fixed,  and  to  obtain  such 
depth  at  the  earliest  possible  date. 

From  an  engineering  point  of  view  it  is  also  essential  that  final 
dimensions  be  fixed  for  the  connecting  channels  of  the  lake  water- 
ways, for  the  reason  that  each  additional  foot  of  depth  given  the 
channel  decreases  the  total  fall  between  the  lakes  and  diminishes  the 
deptli  of  water  on  the  lower  miter  sills  of  the  locks  at  Sault  Ste.  Marie 
a  like  amount. 

If  there  is  no  economy  in  making  the  lake  channels  more  than  21 
feet  deep  for  domestic  traffic,  the  only  legitimate  reason  for  water- 
ways for  m(n-e  than  that  depth  between  the  lakes  and  tide  water 
would  be  to  allow  the  best  types  of  ocean  freight  carriers  to  reach  tlie 
lake  ports.  For  this  purpose  it  would  be  necessary  to  make  only  the 
terminal  lake  harbors  .30  feet  deep,  the  cost  of  which,  with  that  for 
deei)ening  the  connecting  channels  from  21  to  30  feet,  would  probably 
be  about  $50,000,000. 

A  30- foot  waterway  from  the  lakes  to  the  Atlantic  will  cost  approx- 
imately $1()0,000,000  more  than  a  ship  canal  21  feet  deep,  and  there- 
fore if  the  producer.*-  of  the  United  States  are  to  be  benefited  bj' 
such  a  waterway  the  resulting  direct  and  indirect  annual  benefits 
must  exceed  the  difference  in  the  fixed  charges  of  the  two  routes  due 
to  interest  on  cost  of  construction  and  expenditures  for  maintenance 
and  operation,  which  will  amount  to  about  85,000,000  a  year. 

The  capacity  of  these  waterways  has  been  estimated  at  about 
25,000,000  net  tons  per  year,  of  which  it  is  probable  that  less  than 
6,250,000  tons  would  be  foreign  commerce,  from  which  it  appears 
that  to  establish  30-foot  navigation  between  the  Atlantic  and  lake 
ports  for  foreign  commerce  will  cost  the  Government  about  80  cents 
for  every  ton  of  export  freight  transported  when  the  canal  is  utilized 
to  its  full  capacity. 
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It  i.N  t  nu' 1  lial  iiicrcastMl  lniiisi>nitat  ion  t'acilili<'s  will  (1('\  «'l()i)  new 
industries 'and  now  commerce,  hut  when  we  consider  that  it  will  l>e 
many  years  before  the  traffic  of  the  waterway  will  reach  25,0O0,0(X) 
tons  annually  it  is  not  reasonable  to  expect  that  the  direct  and  indi- 
rect benefits  arisinji;  from  foreign  trade  of  one-fourth  this  amount 
through  a  30-foot  waterway  will  exceed  85,()(»0,0O(>  the  returns  to  be 
obtained  with  a  L'l-foot  ship  canal,  even  if  all  foreign  conimcnM'  be 
subject  to  transfer  delays  and  charges  at  New  York. 

The  maximum  ca])acity  of  a  30-foot  waterway  with  single  locks  740 
feet  long  and  80  feet  wide  is  but  little  greater  than  for  a  21-foot  canal 
with  smaller  locks,  for  the  reason  that  the  time  required  for  i)assing 
ships  through  locks  increases  with  the  dimensions  of  lock  chamber, 
and  while  a  larger  class  of  vessels  would  use  the  deeper  waterway,  the 
number  which  could  be  passed  during  the  navigation  season  would 
be  less. 

If  necessary  to  design  a  waterway'  of  greatei-  capacity  tliaii  the  two 
which  have  been  considered,  it  will  be  far  more  economical  to  dupli- 
cate the  single  locks  of  the  I'l-foot  canal  than  to  increase  the  dimen- 
sions of  canal  prism  to  allow  passage  of  ships  of  larger  size. 

If  the  locks  for  the  21-foot  watenvays  should  be  given  larger  dimen- 
sions than  required  for  the  type  carrier  boat  adojjted  for  the  channel, 
for  the  purpose  of  developing  shipbuilding  industries  on  the  lakes, 
the  annual  traffic  capacitj'  would  be  decreased  and  the  relative  capac- 
ity of  the  two  channels  become  more  nearly  proportional  to  the  ton- 
nage of  the  ships  which  would  use  them. 

From  a  careful  study  of  the  economical  and  safe  speeds  of  ships  in 
restricted  waterways  it  is  found  that  the  cross  section  of  the  channel 
should  be  about  five  and  five-tenths  times  that  of  the  larger  ships  for 
which  designed,  which  ratio  has  been  used  in  fixing  the  dimensions 
of  the  prisms  of  the  waterways. 

The  ditn 'nsions  of  a  ship  canal  to  furnish  transportation  between 
terminals  at  a  minimum  rate  must  be  such  that  the  earning  capacity 
of  type  carriers  in  time  saved-  by  greater  speed  in  canals  of  larger  .sec- 
tion will  be  less  than  the  amount  of  the  interest  on  difference  in  cost 
and  expense  of  maintenance,  and  greater  for  the  time  lost  by  slower 
speed  in  canals  of  snmller  section  than  the  anioiiiit  saved  in  fixed 
charges  for  interest  and  maintenance. 

For  the  class  of  vessels  which  may  be  «'Xpecte<l  to  utilize  waterways 
21  and  30  feet  deep  between  the  lakes  and  tide  water,  the  areas  of 
the  cross  sections  of  canal  prisms  to  fulfill  the  above  conditions  would 
be  appi-oximately  5,000  s(iuare  feet  in  rock  and  5,500  square  feet  in 
eartii  for  tlie  21-foot  channel,  and  7, 50i>  square  feet  in  rock  and  S.<HX) 
square  feet  in  earth  for  the  30-foot  channel. 

The  prism  f<)r  the  21-foot  channel  adopted  l»y  the  lioard  iias  a 
bottom  width  of  215  feet,  nuiking  tlu'  area  of  cross  section  5,4'.>7 
square  feet,  and  corresponds  closely  with  tliat  of  the  St.  Clair  Flats 
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Canal,  tliroiigh  Avhicli  tliere  is  an  annual  traffic  of  ov^er  30,000,000 
tons,  transported  in  steamers  and  barjies  wliicli  traverse  the  canal 
with  speeds  ranging  fi-oni  5  to  15  miles  per  hour.  The  Government 
regulations  require  that  steamers  shall  not  exceed  a  speed  of  8  miles 
per  hour  in  the  canal,  and  from  actual  observation  it  has  been  found 
that  the  larger  steamers,  without  tows,  maintain  speeds  of  from  7  to 
10  miles  per  hour,  depending  upon  whether  running  with  (n-  against 
the  current  of  1.71  miles  velocity  in  the  canal. 

In  view  of  the  great  number  of  vessels  traversing  the  canal,  its 
exposure  to  the  full  force  of  the  wind  from  all  directions,  its  short 
length,  and  the  danger  from  cross  currents  at  its  terminals,  it  is  desir- 
able that  the  canal  should  be  made  at  least  GOO  feet  wide. 

The  canal  has  practically  the  same  surface  width  as  that  adopted 
for  the  standard  cross  section  of  the  21-foot  watei-way,  but  as  the 
canal  is  excavated  l)etween  iiiers  its  bottom  width  and  cross  section  are 
a  little  greater.  The  dimensions  of  prism  for  the  21-foot  waterway 
are  intended  for  locations  where  there  will  be  no  currents  in  the  chan- 
nel of  sufficient  velocity  to  materially  interfere  with  navigation,  and 
in  rivers  where  such  currents  do  exist  esliiiiates  have  been  made  for 
wider  channels. 

Referring  to  Tables  III  and  V  of  Appendix  No.  i,  it  will  be  seen 
that  the  type  ships  of  19  feet  and  27  feet  draft,  capable  of  steaming 
12i  miles  per  hour  in  the  open  lake,  are  estinmted  as  being  able  to 
maintain  7.55  miles  and  7.47  miles  per  hour,  respectively,  on  tangents 
in  waterways  21  and  30  feet  deep. 

These  speeds  are  based  upon  the  theory  of  retardation  of  ships 
by  shallow  water  and  restricted  waterways,  discussed  in  Appendix 
No,  4,  and  upon  the  actual  performance  of  the  larger  ships  of  the  lake 
fleet  in  the  Great  Lakes  and  connecting  waterways. 

The  average  round-trip  time  between  Duluth  and  Buffalo  of  the 
12^-mile  steamers  in  the  lake  service  corresponds  almost  exactly  with 
that  resulting  from  computing  the  sailing  time  for  the  same  routes  by 
Table  V  of  Appendix  No.  4. 

A  careful  study  of  the  performance  of  the  vessels  of  the  lake  fleet 
in  the  St.  Clair  Canal  indicates  that,  except  at  times  of  heavy  winds, 
it  can  be  safely  navigated  at  a  speed  of  at  least  10  miles  per  hour,  and 
therefore  the  speed  of  7.55  miles  per  hour  adopted  for  tangents  on  the 
proposed  21-foot  ship  canal,  which  would  have  practicall}^  the  same 
width  and  depth  as  the  St.  Clair  Canal,  is  certainly  safe  and  practical. 

The  route  adopted  for  these  proposed  channels  through  the  lakes  is 
practically  the  same  as  that  now  in  use,  except  at  the  Limekiln  Cross- 
ing of  the  Detroit  River,  and  between  Hay  and  Mud  lakes,  on  the 
St.  Marys  River. 

The  Limekiln  Crossing  channels,  as  now  constructed,  have  sharp 
curves  and  are  dangerous  to  navigate,  and  should  be  straightened  and 
made  600  feet  wide.     The  estimates  submitted  with  this  report  are 
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based  on  a  channel  000  feet  wide,  constructed  on  a  continuation  acn)ss 
the  reef  of  the  tangent  east  of  Bois  Blanc  Island,  as  shown  on  plates 
12  and  l.J. 

For  the  improvement  of  the  St.  Marys  River  the  estinuites  are  for  a 
channel  000  feet  wide  through  the  West  Neebish  branch  of  the  river, 
which  makes  the  route  1.2  miles  shorter  than  the  present  route  and 
can  be  improved  for  the  required  dimensions  (jf  channel  for  less  cost 
than  on  the  route  now  used. 

From  an  engineering  point  of  view  the  change  is  desirable  on  account 
of  the  better  alignment  of  channel  which  can  be  made  and  l)ettei' oppor- 
tunity to  execute  the  work  without  interference  from  passing  steamers. 

THE  NIAGARA  SHIP-CANAL  ROUTES. 

If,  taking  the  cost  of  construction  and  maintenance  into  account, 
the  commerce  tributary  to  the  lake  system  of  waterways  can  be  trans- 
ported to  the  seaboard  more  econoraicallj'  with  channels  improved  for 
a  minimum  depth  of  21  feet  than  if  made  30  feet  deep,  as  has  been 
shown  to  be  the  case  in  Appendix  No.  5,  part  2,  the  compai-ison  of 
waterways  between  the  lakes  and  the  Atlantic  is  reduced  to  the  con- 
sideration of  the  different  21-foot  routes  which  have  been  investigated. 

A  careful  reconnoissance  made  by  the  Board  in  advaiice  of  the  field 
work  showed  that  only  two  of  the  routes  from  Lake  Erie  to  Lake 
Ontario  were  worthy  of  investigation,  viz :  The  route  from  the  Niagara 
River  at  Tonawanda  to  Lake  Ontario  at  Olcott,  and  from  the  river  at 
Lasalle  to  Lewiston  and  thence  through  the  Niagara  River  to  the  lake. 

These  were  thoroughly  investigated  relative  to  volume  and  kind  of 
material  to  be  excavated,  nature  and  dimensions  of  structures  which 
will  be  needed,  and  character  of  foundations  on  which  such  structures 
will  have  to  be  erected. 

The  difiiculties  to  be  overcome  on  the  two  routes  are  practically  the 
same,  and  the  real  comparative  merits  of  the  waterways  depend  largely 
upon  relative  cost  to  construct  and  maintain  them  and  the  difference 
in  time  required  by  a  type  steamship  to  traverse  the  respective  routes 
between  points  common  to  each. 

On  the  Tonawanda-Olcott  route  several  alternative  lines  were  exam- 
ined to  determine  the  best  location  for  locking  down  the  escarpment 
near  Lockport.  The  line  down  the  so-called  '*  Gulf,"  which  has  been 
followed  in  previous  surveys,  was  found  to  involve  the  construction 
of  a  high  dam  and  undesirable  alignment  of  the  waterway  at  locks 
and  approaches,  and  a  location  was  made  on  a  tangent  down  the 
escarpment  a  little  west  of  the  "Gulf,"  by  which  better  location  and 
foundations  can  be  had  for  lock  structures  at  less  expense  for  both 
excavation  and  construction. 

At  tlie  Lake  Ontario  end  of  the  canal  an  artificial  harbor  will  have 
to  l>e  constructed  by  building  breakwaters  outside  of  the  entrance  and 
enlarging  the  mouth  of  Eighteen  Mile  Creek  for  a  distance  of  about  a 
II   Doc.  140 10 
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mile  back  from  the  lake,  whereas  on  the  Lasalle-Lewiston  route  the 
Niagara  River  constitutes  one  of  the  most  capacious  and  safe  harbors 
on  the  lake  waterways. 

The  question  has  been  raised  as  to  the  advisabilitj'  of  constructing 
locks,  which  will  cost  several  million  dollars,  as  close  to  the  boundary 
between  the  United  States  and  Canada  as  will  be  the  case  at  the  Lew- 
iston  escarpment;  but  when  we  consider  the  important  lock  and  regu- 
lating structures  which  will  he  needed  at  the  liead  of  Niagara  River, 
the  deep  channels  already  excavated  in  Canadian  waters  at  the  mouth 
of  the  Detroit  River,  and  the  locks  and  canals  at  Sault  Ste  Marie,  it  is 
difficult  to  conceive,  if  the  Lewiston  location  is  objectionable  for  mili- 
tary reasons,  why  similar  reasons  should  not  have  prevented  the 
improvement  of  the  entire  upper  lake  sj  stem  of  waterways. 

The  Lasalle-Lewiston  route  has  fewer  important  railroad  crossings 
than  the  Olcott  route,  and  does  not  interfere  with  manufacturing  and 
private  enterprises  to  the  extent  that  the  latter  does  in  tlie  vicinity 
of  Tonawanda. 

A  steamship  of  19  feet  draft,  capable  of  steaming  124^  statute  miles 
per  hour  in  the  open  lake,  would  traverse  the  Lasalle-Lewiston  route 
from  the  proposed  Buffalo  regulating  works  to  the  junction  of  the 
two  routes  in  Lake  Ontario  in  nine  hours  and  fifty-eight  minutes, 
and  between  the  same  points  on  the  Tonawanda-Olcott  route  in 
eleven  hours  and  six  minutes — making  a  difference  of  one  hour  and 
eight  minutes,  or  over  11  per  cent  of  total  time  of  passage,  in  favor 
of  the  Lasalle-Lewiston  route. 

The  total  estimated  cost  of  the  Tonawanda-Olcott  route,  including 
regulating  works  at  the  foot  of  Lake  Erie,  is  148,533,400,  and  for  the 
Lasalle-Lewiston  route,  142,472,900 — making  an  estimated  saving  of 
$(), 000,500  if  the  waterway  should  be  constructed  on  the  latter  route. 

From  an  engineering  and  financial  point  of  view,  and  from  the  less 
danger  of  delays  and  accidents  to  navigation  in  the  comparatively 
short  reach  of  restricted  waterway  on  the  Lewiston  line,  it  appears  to 
be  the  preferable  location  on  which  to  construct  a  ship  canal. 

WATERWAYS   FROM   LAKE   ONTARIO   TO   THE  ATLANTIC. 

The  routes  via  the  Oswego,  Mohawk,  and  Hudson  rivers  and  down 
the  St.  Lawrence  River,  Lake  Champlain,  and  Hudson  River  were 
the  only  ones  found  Avorthy  of  complete  surveys,  plans,  and  estimates. 

Consideration  was  given  to  lines  from  Big  Sodus  Bay  and  Little 
Sodus  Baj^  to  the  Mohawk  line  near  Oneida  Lake,  but  preliminarj^ 
estimates  indicated  beyond  question  that  these  routes  would  cost 
much  more  to  construct  and  would  take  much  longer  for  a  steamer  to 
traverse  than  either  of  the  others,  and  were  not  considered  further 
by  the  Board. 

The  conditions  existing  on  the  two  routes  investigated  are  so 
radically  different  that  the  comparison  must  depend  more  upon 
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the  eonolusions  deduced  from  discussion  of  relative  advantages  in 
Appendix  No.  5,  Part  '2,  than  upon  the  natural  features  of  the  sec- 
tions through  which  the  lines  are  located.  In  the  project  by  the 
Oswego  and  Mohawk  rivers  it  is  pi-oposed  to  lock  up  from  tlie  ele- 
vation of  245.4  feet  at  Oswego  Harbor  to  37'J  feet  for  the  low- level 
plan,  and  416  feet  for  the  high-level  system  on  the  summit  between 
Oneida  Lake  and  tlie  Mohawk  river,  in  botli  of  which  projects  the 
water  to  generate  power  for  operating  the  locks  and  for  locking  ships 
across  the  divide  must  be  secured  by  storage  in  reservoirs  located  on 
the  waterway  or  on  adjacent  watersheds. 

The  lockage  required  to  cross  the  divide  with  the  low-level  project 
will  be  267  feet  and  for  the  high-level  project  341  feet,  making  the 
route  expensive  to  construct  and  slow  to  navigate. 

The  route  down  the  St.  Lawrence  through  Lake  Champlain  and  the 
Hudson  River  is  a  down-grade  canal,  having  a  minimum  amount  of 
lockage  and  an  ample,  supply  of  water  taken  directly  from  the  St. 
Lawrence  River,  but  has  the  disadvantage  of  being  partly  in  Canadian 
territory  and  about  208  miles  longer  than  the  Oswego-Mohawk  route. 

The  location  and  design  of  the  waterwaj'  bj'  both  routes  have  been 
made  with  reference  to  interfering  the  least  possible  with  manufac- 
turing interests  at  water-powei*  sites. 

On  the  Champlain  route  the  changes,  except  at  Fort  Miller,  will  be 
beneficial  to  the  water-power  interests,  but  on  the  Oswego  and 
Mohawk  a  rearrangement  of  several  of  the  power  plants  will  be  nec- 
essary. At  Oswego  and  on  the  Mohawk  route  below  Schenectady  all 
interference  of  power  rights  has  been  avoided  by  locating  the  routes 
outside  of  the  river  valleys. 

On  the  Oswego-Mohawk  route,  the  low-summit-level  project,  utiliz- 
ing Oneida  Lake  as  a  principal  storage  reservoir,- ^vill  cost  about 
11,678,100  more  than  the  high-summit-level  project  with  water  supply 
obtained  from  storage  reservoirs  in  the  valleys  of  the  Black  and  Sal- 
mon rivers,  but  will  have  the  advantage  of  not  having  a  long  feeder 
line  to  maintain,  and  with  not  intei'fering  with  water-power  rights 
outside  of  the  waterway  location. 

The  only  grave  engineering  difficulty  to  be  overcome  in  connection 
with  the  low-level  plan  is  the  liability  of  landslides  in  the  deep  cut, 
which  in  places  is  through  soil  which  unless  thoroughly  drained  may 
have  a  tendency  to  slide. 

A  system  of  back  drainage  to  prevent  landslides  has  been  provided 
for  in  the  estimates,  and  in  the  opinion  of  the  writer  the  low-level 
plan  is  feasible  and  is  the  preferable  project  to  carry  out  in  case  the 
waterway  should  be  constructed. 

Probably  the  most  serious  difficulty  to  adjust  on  either  route,  if 
the  waterway  should  be  constructed,  will  be  to  make  satisfactory 
arrangements  for  railroad  crossings.     This  is  t'si)e('ially  tho  <'as«>  in  the 
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Mohawk  Valley,  where  the  river  is  paralleled  by  the  four  tracks  of  tlie 
New  York  Central  and  the  two  tracks  of  the  West  Shore  railroads. 

Ample  provisions  have  been  made  in  estimates  for  either  swing  or 
bascule  bridges  for  all  crossings,  but  in  tlie  case  of  the  New  York 
Central  crossing,  the  number  of  trains  is  so  great  that  a  higli  grade 
crossing  on  a  long  embankment  or  an  embankment  and  trestle  may 
be  necessary. 

With  a  slight  readjustment  of  the  railroad  lines  in  the  vicinity  of 
Rome  only  one  such  high  viaduct  will  be  needed. 

The  substitute  location  of  line  adopted,  from  Schenectady  to  the 
Hudson  River  below  Albany,  involves  a  deep  cutting  at  South  Sche- 
nectad3%  but  will  be  in  stable  soil  and  will  be  safe  construction. 

A  waterway  from  Schenectady  to  the  Hudson  via  the  Mohawk 
Valley,  would  involve  sharp  curves,  difficult  and  dangerous  river 
crossings,  and  with  damages  to  water-power  privileges  would  probably 
cost  over  $20,000,000  in  excess  of  the  line  located  down  the  Normans 
Kill. 

From  the  mouth  of  Normans  Kill  to  deep  water  in  the  lower  Hudson 
the  Champlain  and  the  Oswego-Mohawk  routes  have  a  common  location. 

The  following  table  gives  the  details  of  the  lengths  of  the  channels 
of  different  dimensions,  and  amount  of  lockage  on  the  two  routes 
between  Lake  Erie  and  New  York : 


BUFFALO  TO  NEW  YORK. 


Oswego-Mohawk 
route. 

Cham- 
plain 
route. 

Higb 
level. 

Low 
level. 

Total  distance 

Fall,  regulated  stage  of  Lake  Erie  to  mean  tide.. 

miles.. 

feet.. 

do... 

do... 

477.04 
.574.5 

47B.94 
574.5 

685.21 
574.5 

Down  lockage 

742.0 
170.6 

705.6 
133.6 

647.2 
0.0 

do... 

Total  lockage 

Number  of  locks,  including  guard  locks 

913.3 
40 

1 

839.2 

38 

1 

547.2 
21 

Number  of  guard  locks .-     - 

2 

miles.. 

do... 

Standard  canal 

Canalized  river: 

200  to  SoO  feet  wide 

108.5(5 

103.42 

102.  a5 
1.51 

250  to  ;M)  feet  wide 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

20.38 
12.37 

2.59 
13. 90 

8.99 
39.15 
277. 10 

20.38 
12.37 

2.59 
13.90 

8.99 
37.65 
278.64 

3(K)  to  :»)  feet  wide... 

350  to  400  feet  wide 

38.97 

400  to  450  feet  wide 

450  to  500  feet  wide 

500  to  1,000  feet  wide 

Open  lake  and  river 

8.  as 

11.59 

73.65 

449.06 

Total 

477.04 

476. 94 

685.21 

It  will  be  noted  that  of  the  574.5  feet  fall  from  Lake  Erie  to  tide 
water  at  time  of  low  stage  of  rivers,  572  feet  are  overcome  by  locks 
and  2.5  feet  by  river  slopes  on  the  Mohawk  route  and  547.2  feet  by 
locks  and  27.3  feet  bj^  river  slopes  on  the  Champlain  route.  At  times 
of  high  water  in  the  rivers  the  slopes  will  be  steeper  and  the  total  fall 
at  locks  less  than  at  low  stage. 
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The  C'liHinplaiii  roulf  is  a  dnw  M-gra<l('  canal  I'loin  tin-  lakc^  lo  ilm 
seaboard,  and  while  the  large  amount  of  fall  in  the  St.  Lawrence 
River  causes  rapid  eurrents,  the  nuixiniuni  traftie  is  in  the  same  direc- 
tion, and  therefore  is  subject  to  no  delay  from  this  condition. 

The  estimated  cost  of  these  routes  from  Lake  Erie  to  the  Atlantic 
ai'e  as  follows: 

Chaiuplain  route $183, 420, <500 

Oswego  Mohawk  route: 

High  level 197.718.200 

Low  level 19!»,:39«.  ;J00 

A  study  of  the  length  of  the  ice  season  on  the  lakes  and  connecting 
channels  indicates  that  open  navigation  can  be  maintained  on  the 
Champlain  route  2'M)  days  and  via  tlic  Alohawk  I'oute  lUo  days  for 
average  years. 

Referring  to  Table  11  of  Appendix  2>.'o.  o,  Part  -,  it  will  l)e  noted 
that  the  round  trip  from  New  York  to  Chicago,  including  terminal 
detentions,  will  take  sixteen  days  and  nine  hours  for  the  Champlain 
route  and  fifteen  days  and  eight  hours  for  the  Mohawk  route,  or,  for 
a  full  navigation  season,  a  steamship  capable  of  steanung  12^  statute 
miles  per  hour  in  the  open  lake  would  be  able  to  make  fourteen  and 
sixteen  round  trips  in  the  res[)ective  waterways.  That  is,  the  ship 
on  the  Mohawk  waterway  would  make  fifteen  round  trips  in  the  same 
time  that  fourteen  trips  on  the  Champlain  route  could  be  made,  while 
the  greater  length  of  season  on  the  Mohawk  route  permits  still  another 
round  trip. 

A  steamship  could  therefore  transport  freight  from  Chicago  to 
New  York  over  the  Oswego-Mohawk  route  for  03  per  cent  of  the  rate 
it  would  be  necessary  to  charge  on  the  Champlain  route  to  make  the 
same  annual  profit. 

Assuming  that  freight  can  be  transported  over  the  improved  water- 
way between  New  York  and  Chicago  for  an  average  rate  of  $1  i^er  ton, 
the  saving  by  using  the  Mohawk  route,  with  an  annual  traftic  of 
20,000,000  tons,  would  amount  to  $1,400,000. 

If  the  more  expensive  low-level  Mohawk  waterway  should  be  con- 
structed, the  first  cost  would  be  about  *lo,975,700  in  excess  of  what  it 
would  cost  to  construct  the  Champlain  route.  If  3  per  cent  interest 
be  assumed  as  the  rate  paid  by  the  Government  for  the  money  used 
in  ct)nstructing  the  waterway,  the  saving  in  the  annual  fixed  charges 
due  to  the  dilTerence  in  cost  of  the  waterways  would  be  ?;471»,270  and 
for  the  difference  in  cost  of  operation  and  maintenance  ^042,740, 
making  a  total  of  ¥1,122,010  in  favor  of  the  Champlain  route,  or  about 
80  per  cent  of  the  amount  whi<'h  would  be  saved  on  transportation 
rates  by  using  the  Mohawk  waterway.  For  any  greater  transporta- 
tion rate  between  Chicago  and  New  York  than  ^1  per  ton  the  compar- 
ative economy  of  the  Moha\\  k  route  will  be  greater  and  for  any  lower 
rate  it  will  be  less      Steaniei"s  operating  solely  in  the  lake  trade  and 
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going  out  of  commission  in  the  winter  season  would  make  two  more 
round  trips  per  year  on  the  Moliawk  waterwaj^  than  could  be  made 
by  the  Champlain  route,  making  the  net  earning  capacity  of  steamer 
one-seventh  greater  for  Mohawk  route,  in  which  case,  if  the  volume 
of  traffic  over  the  proposed  waterway  should  exceed  8,000,000  tons 
annually,  the  saving  on  transpoi-tation  rates  by  using  the  Mohawk 
route  would  exceed  the  difference  in  fixed  charges  due  to  the  less  cost 
for  construction  and  maintenance  of  the  Cliam plain  route. 

The  estimated  cost  of  these  routes  has  l)een  based  upon  the  same 
standard  cross-section  and  unit  prices  for  similar  conditions,  the 
speeds  which  can  be  maintained  in  the  waterways  have  been  deducted 
in  a  similar  way  for  each  route,  and  the  rates  of  transportation 
between  terminals  determined  from  the  sailing  time  of  a  type  steamer 
as  deduced  from  the  actual  performance  of  similar  ships  in  the  lakes 
and  connecting  channels. 

It  is  therefore  evident  that  errors  wliich  may  have  been  introduced 
b}'  erroneous  assumptions  will  be  common  to  both  routes  and  will  not 
materially  affect  the  conclusions  deduced  from  the  comparisons. 

A  large  poi-tion  of  the  commerce  which  will  be  transported  in  these 
waterwaj^s,  if  constructed,  will  be  for  domestic  consumption,  and 
must  necessarily  be  delivered  at  the  home  market  where  needed,  and 
as  a  result  the  volume  of  export  commerce  with  lake  ports  will  follow 
the  same  transportation  lines  as  used  for  domestic  trade.  The  choice 
of  routes  should  therefore  be  made  with  reference  to  reaching  the 
New  York  market  and  the  ports  on  the  Atlantic  coast  accessible  by 
the  steamers  which  will  be  constructed  for  the  lake  and  seacoast  trade. 

Manj'  of  the  South  Atlantic  ports  will  not  admit  ships  of  over  20 
feet  draft,  and  therefore  the  expenses  for  transfer  of  domestic  freight, 
if  carried  in  deep-draft  ships,  would  probably  be  fully  as  large  as  for 
transfer  of  export  traffic  through  the  canal  if  transported  in  vessels 
adapted  to  21-foot  channels  through  the  connecting  waterways  of  the 
Great  Lakes. 

From  a  careful  consideration  of  the  tj-pe  ship  best  adapted  for  car- 
rying the  lake  commerce,  and  of  the  depth  of  channels  and  waterways 
of  the  lakes  and  from  the  lakes  to  the  Atlantic  required  for  such 
ships,  it  is  evident  that  the  proposed  21-foot  waterway  will  furnish 
better  returns  for  the  transportation  of  domestic  and  foreign  com- 
merce than  can  be  obtained  by  constructing  a  waterway  30  feet  deep 
from  the  lake  ports  to  the  seaboard. 

A  careful  comparison  of  the  engineering  difficulties  to  be  overcome 
in  constructing  a  waterway  from  the  lakes  to  the  Atlantic  by  the 
Oswego-Mohawk  route  and  bj^  the  Champlain  route,  of  the  cost  to 
construct  and  operate  them,  and  of  the  time  required  for  steamers 
adapted  to  the  lake  and  coast  trade  to  make  round  trips  between  ter- 
minals, stronglj^  indicates  that  the  former  is  the  preferable  route  to 
adopt  if  the  waterway  is  to  be  built. 
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The  probability  of  i'xU'iisivi*  shipbuildiuji:  iiidiistrics  bt-iiig  <1»'\«'I- 
oped  on  the  (Treat  Lakes  by  the  eonstriu'tioii  of  a  deep  waterway  to 
the  Atlantic  may  make  it  desirable  to  adopt  locks  80  feet  wid(^  for  pass- 
ing war  ships  instead  of  (JO  feet  wide,  as  estimated  in  this  report. 

Such  construction  would  add  ifi4,221,000  to  tlie  estimated  cost  of  the 
Mohawk  route  and  !5'L\of)0,000  to  that  of  the  C.'hamplain  i-oute. 

The  annual  capacity  of  each  route  would  be  diminished  by  the  addi- 
tional time  required  for  filling  and  emptying  locks  and  the  time  for 
round  trips  correspondingly  increased,  !)ut  as  these  changes  would 
appl}'  to  both  routes  the  relative  comparison  of  the  two  waterways 
would  not  be  materially  changed.  The  changes  would,  however,  make 
the  comparison  between  the  21  and  30  foot  waterways  less  favorable 
to  the  former. 

Respectfully  submitted. 

Geo.  V.  WisNEK. 

The  Board  of  Engineers  on  Deep  Waterways. 


Appendix  No.  5. — Part  2. 

RELATIVE  ADVANTAGES  OF  THE  21  AND  30  FOOT  WATERWAYS. 

The  sundry  civil  act  of  July  1,  1898,  definitely  fixes  the  depths  of 
tlie  waterways  to  be  investigated  by  the  Board  at  21  and  30  feet 
respectively,  and  requires  a  statement  of  the  relative  advantages 
thereof.  The  following  investigation  has  been  made  to  determine,  as 
far  as  may  be  found  possible,  the  relative  advantages  of  the  two 
waterways. 

These  advantages  may  be  either  direct  or  indirect.  The  direct 
advantages  consist  of  the  relative  returns  in  valufe  received  for  the 
expenditures  incurred  in  the  construction,  maintenance,  and  oper- 
ation of  the  two  waterways  respectively.  The  indirect  advantages 
arise  from  the  influence  of  the  waterways  upon  the  commerce  of  the 
country. 

relative  direct  advantages. 

In  order  to  investigate  the  relative  direct  advantages  of  the  water- 
ways, it  is  desirable,  for  the  sake  of  clearness,  to  state  in  a  condensed 
form  certain  general  considerations  which  relate  to  all  lines  of  trans- 
IJortatiou. 

When  an  article  of  merchandise  is  transported  from  one  point  to 
another,  its  least  value  at  the  point  of  delivery  must  be  the  sum  of  its 
value  at  the  sliip[)ing  point  i)lus  the  cost  of  transportation;  otherwise 
the  transport  would  not  generally  be  effected.  Tf  v  represents  the 
difference  in  the  value  of  the  freight  unit  at  the  terminals,  Q  the 
total  number  of  freight  units  transported  in  a  given  period  (say,  one 
year),  and  K   tlir  total  cost  of  transportation  in  the  same  period, 
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XJ  =  Qf  —  K  may  be  taken  as  an  approximate  measure  of  the  direct 
utility  of  the  transportation  line. 

The  cost  of  transportation  (K)  is  composed  of  two  parts,  (1)  the  toll 
or  charge  for  the  use  of  the  line,  and  (2)  the  transport  proper  or 
charge  for  carrying  the  freight  over  the  line.  It  is  necessary  to  dis- 
tinguish between  these  two  charges  since  they  are  often  paid  to  differ- 
ent parties. 

The  toll  consists  of  the  annual  interest  on  the  cost  of  constructing 
the  line  and  the  annual  cost  of  its  maintenance,  operation,  and  super- 
intendence. This  charge  is  paid  by  the  users  to  the  proprietor  of  the 
line. 

The  transport  proper  consists  of  the  annual  interest  on  the  cost  of 
carriages,  the  annual  cost  of  their  maintenance,  depreciation,  and  oper- 
ation, and  such  terminal  and  other  charges  as  may  attach  to  the  traffic. 
These  charges  are  paid  by  the  users  to  the  carrier. 

If  T  represents  the  toll  and  P  represents  the  transport  proper,  the 
equation  of  utility  becomes 

U  =  Qr  — T  — P (1) 

In  this  equation  U  represents  the  amount  of  benefit  which  should 
be  annually  divided  between  the  parties  interested  in  the  traffic  after 
the  payment  of  toll  and  transportation  charges.  It  is,  howevei',  in 
some  cases  only  an  approximate  measure  of  utility,  for  it  is  based  on 
the  single  consideration  of  the  difference  betw^een  terminal  value  and 
cost  of  transportation.  There  are,  however,  other  important  elements 
involved  in  the  determination  of  the  measure  of  utility.  The  speed 
and  regularity  with  which  the  transport  is  effected  are  often  impoi-- 
tant  elements  of  value,  and  the  capacity  of  the  line  for  transportation 
may  limit  the  volume  and  cost  of  the  traffic. 

If  Iw  represents  the  annual  interest  on  the  cost  of  constructing  the 
line;  M^  the  annual  cost  of  its  maintenance  and  operation;  I,„  the 
annual  interest  on  the  cost  of  cari'iages,  and  M,„  the  annual  cost  of 
maintenance,  depreciation,  and  operation  of  carriages,  including  all 
cliarges  connected  with  moving  the  traffic,  we  have — 

T  =  I...  4-  M.V 
and — 

P=I,„-fM,. 
and — 

U  =  Qr-L..-M.v-I,n-M„ (2) 

It  Avill  be  observed  that,  in  the  general  case,  there  are  three  parties 
iiitciested  in  the  transport  movement — the  carrier,  the  proprietor  of 
the  line,  and  the  shipper  and  receiver  using  the  line.  When  these 
Xiarties  are  independent  their  interests  conflict  and  each  will  endeavor 
to  get  as  large  a  part  of  Qv  as  possible. 

The  carrier  must  receive  Mm,  otherwise  the  freight  will  not  be 
moved,     lie  must  also  receive  a  fair  value  of  I,n,  for  although  he 
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mi^ht  move  tlie  fn-ijj^ht  for  Ji  wliih'  witliout  iHM'oiving  any  iMt<'resl  on 
the  cost  of  his  carriajjes,  he  would  i-cfuse  to  iiivr'st  money  in  new 
carriages  to  i-ei)lace  tliose  wliieh  w«m«»  worn  out  and  the  traffic  wouhl 
soon  cease. 

Tlie  proprictoi-  must  receive  Mw,  otherwise  lie  will  cease  maintain, 
ing  and  operating  the  line.  He  need  not,  however,  receive  a  fair 
value  of  I«,  for  having  invested  his  money  in  the  line,  he  can  not 
remove  it,  and  it  will  pay  him  to  maintain  and  operate  the  line  as 
long  as  he  receives  M„  and  a  very  small  value  for  I«.  Indeed,  he  may 
continue  the  operation  of  the  line  without  receiving  any  value  for  I,v, 
in  the  hope  of  future  gains  under  more  favorable  traffic  conditions. 

The  users  or  general  public  will  employ  the  line  if  they  receive  a 
very  small  value  for  U,  so  that  it  is  to  the  interest  of  the  carrier  and 
proprietor  to  make  U  as  small  as  possible  by  making  the  freight 
charges  as  heavy  as  the  traffic  will  bear.  But  the  total  amount 
received  depends  upon  the  volume  of  traffic  Q,  and  this  may  often  be 
increased  by  diminishing  the  transportation  charges.  It  is,  therefore, 
not  always  to  the  advantage  of  the  proprietor  and  carrier  to  impose 
high  charges  upon  the  ti-affic. 

This  distinction  between  toll  and  transport  proper  exists  in  all 
cases,  although  it  is  not  easy  to  separate  the  two  charges  where  the 
proprietor  and  carrier  are  one  and  the  same  party,  as  in  the  case  of  a 
railroad.  In  such  a  case  the  toll  is  simply  the  difference  between  the 
total  cost  of  transportation  and  tlie  cost  of  moving  the  freight  over 
the  line. 

When  the  three  parties  interested  in  the  traffic  movement  are  inde- 
pendent of  each  othei',  it  is  evident  that  after  each  has  received  a  I'ea- 
sonable  portion  of  the  proceeds  derived  from  the  traffic,  the  i-emaining 
part  of  U  should  be  divided  between  them.  The  proprietor  is  gener- 
ally a  company,  the  shares  of  which  are  held  by  many  persons,  and 
the  carrier  often  represents  a  large  number  of  owners.  These  i)arties 
are  as  much  entitled  as  the  users  to  a  share  in  the  extra  earnings  of 
the  line.  In  dividing  these  extra  earnings  the  risk  of  loss  assumed  by 
each  party  should  be  taken  into  consideration.  Thus,  as  has  been 
before  remarked,  the  proprietor  can  not  withdraw  his  mone}-  from  the 
line  even  if  the  traffic  fails  to  pay  him  any  returns  for  his  investment. 
He  should  therefore  receive  the  largest  proportional  share  of  the  extra 
earnings.  The  carrier  shoul<l  receive  the  next  largest  proportional 
share,  for  he  risks  the  interest  upon  the  value  of  his  plant  and  the 
cost  of  operating  it,  which  may  turn  out  to  l>e  greater  than  the  amount 
received  for  transportation.  So  long  as  the  charge  for  transport 
proper  does  not  fluctuate,  the  user  runs  no  risk  from  the  use  of  the 
line  and  therefore  should  receive  the  smallest  proportional  part  of  the 
extra  earnings. 

When  the  (Tovernment  is  the  proprietor  of  the  line,  the  user  (or 
general  public),  the  proprietor,  and  the  carrier  become  one  and  the 


250  DEEP    WATERWAYS. 

same  party  so  far  as  tlie  cost  of  consti-iiction,  operation,  and  main- 
tenance of  the  line  is  concerned,  and  if  tlie  charges  for  transport 
proper  can  l>e  restricted  within  reasonable  limits  the  toll  may  l)e 
abolished  as  a  direct  cliarge  ni)on  the  traffic,  since  it  will  be  recovered 
by  the  people  in  the  increased  value  of  U.  Moreover,  as  will  be  ex- 
plained hereafter,  the  indirect  benefits  expected  from  the  estalilish- 
ment  of  the  line  nmy  fully  justif}^  the  assumption  of  the  toll  by  the 
Government.  In  tlie  case  of  a  line  where  the  carrying  business  is  a 
monopoly  (such  as  a  raih-oad),  the  tendency  w^ould  be  for  the  carrier 
to  take  as  much  as  possible  of  the  benefit  resulting  from  the  abolition 
of  the  toll.  In  the  case  of  a  line  open  to  the  competition  of  all  car- 
riers (like  a  great  national  waterway),  the  law  that  where  there  is 
free  competition  the  charges  for  transportation  must  closely  approx- 
imate the  net  cost  will  operate.  This  is  one  reason  why  it  may  some- 
times be  an  economical  advantage  foi-  the  Government  to  assume  the 
cost  of  construction,  maintenance,  and  opei'ation  of  a  waterway, 
while  it  would  not  generally  be  an  advantage  to  the  public  in  the  case 
of  a  railroad  unless  the  Government  also  conducted  the  business  of 
carrier. 

The  special  problem  which  we  are  required  to  consider  consists  in 
the  determination  of  the  relative  advantages  of  two  lines  of  water 
transportation  of  different  depths  extending  from  Lake  tSuperior  and 
Lake  Michigan  to  the  Atlantic  tide  waters.  The  line  adopted  will 
compete  with  the  railroads  for  freight  transportation  over  a  large  part 
of  tlie  distance.  Where  the  cost  of  transportation  is  relatively  large, 
in  comparison  with  the  value  of  the  transported  commodity  at  the  start- 
ing point,  sjieed  will  generally  be  of  less  value  than  cost  of  transport, 
and  tlie  traffic  will  genei-ally  be  by  the  cheaper  line  without  regard  to 
time.  If  the  Government  assumes  the  toll,  as  is  proposed  in  the  cases 
considered,  the  cost  of  transj)ortation  will  be  much  less  ovei-  the 
waterwa}^  than  over  the  railroad,  but  the  railroad  will  generally  liave 
the  advantage  of  speed.  Hence  we  may  make  the  following  assump- 
tions : 

1.  The  toll  on  the  waterway  is  to  be  assumed  by  the  Government. 

-.  The  traffic  Avill  consist  of  the  movement  of  balky  freight,  the  cost 
of  the  transportation  of  which  is  relatively  large  in  comparison  with 
its  value  at  the  starting  point.  In  the  comparisons  to  be  made  it  will 
be  unnecessary  to  consider  speed  "as  a  direct  element  of  value.  Indi- 
rectly, llOwe^-er,  it  is  an  element  of  importance  in  the  determination 
of  the  unit  cost  of  transportation. 

For  this  case  equation  (1)  becomes 

U  =  Qi'  — P (3) 

If  U',  Q  ,  and  P  represent  the  values  of  U,  Q,  and  P  for  a  second 
waterway,  we  have 

U'  =  Q'6'  — P' (4) 


DKEP    WATKRWAYS.  l'.»l 

If  ^>  and  ^>' represent  tlie  Hveragv  fo.sl  <»!'  iii()\  iii;i  tin-  liiii:lii  miii 
over  the  two  lines  respectively,  we  liave 

and 

\-         ()    r  -  p  '    ' 

I  and  I''  are  tlie  annual  values  returned  to  the  people  in  compen- 
sation for  the  assunij)tion  of  the  toll  hy  the  Goveinment.  If  C  and  C 
represent  the  cost  of  construction  of  the  two  waterways  respectively 
and  R  and  R'  the  annual  returns  upon  $100  expended  in  construc- 
tion, afti'r  tlie  payment  of  the  costs  of  maintenance,  operation,  and 
transport  proper,  in  the  two  cases  compared,  we  obtain 


and 


The  values  of  R  and  R'  are  measures  of  the  relative  direct  benefits 
derived  by  the  public  in  the  two  cases.  Substituting  these  values  in 
equation  5,  we  obtain 


QC  yc-pj        c  qyv-pj         c  ' 

B}'  substituting  the  values  of  \J  and  P  in  equation  :i  we  obtain 


'-'Y 


n=^[Q{v-p)-2.u.] (7) 


R' 
If  R^  =-«  5  equation  (5  nmy  be  written 


y,_QYv—2>'\  /(•         ioO  M„.\      100  M'.  ,.. 
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The  waterways  to  be  compared  will  be  about  equally  well  adapted 
to  navigation  by  small  vessels  engaged  in  way  traffic.     The  detemii- 

*The  value  of  R  mav  also  be  placed  under  the  followin.r  form: 

This  form  exhil)its  very  clearly  the  influence  of  the  varioxis  elements  of  the 
problem  upon  the  value  of  R  .  Thus  the  first  term  of  the  second  uienil)er  depends 
principally  iipon  the  traffic  capacities  of  the  waterways  per  unit  cost  of  construc- 
tion, the  second  term  upon  costs  of  maintenance,  and  the  third  term  upon  costs 
of  transport  proper.  It  is  not  so  well  adapted  to  numerical  discussion  as  equation 
8,  since  it  reiiuire-'  *^h"  la^innpti.i.i  .,f  ■  wi^i.^n-fite  v;ilne  of  (^  in  the  third  term  for 
each  waterway. 
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nation  of  relative  direct  benefit  will  therefore  l)e  limited  to  the  con- 
sideration of  through  traffic  conducted  in  the  most  economical  carriers. 

The  waterways  have  two  main  branches  of  tlirough  traffic  extend- 
ing from  the  head  of  Lake  Sui^erior  and  the  head  of  Lake  Michigan  to 
New  York.  These  will  he  considered  separately  and  their  terminals 
will  be  assumed  to  be  at  Duluth  and  New  York  and  at  Chicago  and 
New  York,  respectively.  The  ocean  line  may  be  left  out  of  consider- 
ation in  the  comparison,  since  the  same  class  of  carriers  is  assumed  to 
affect  the  transport  over  it  in  all  eases.  Part  of  the  traffic  will  be  to 
domestic  markets,  some  of  which  will  be  at  the  coast  jjorts,  and  part 
of  it  will  be  to  foreign  markets.  For  each  line  the  comparison  will 
therefore  be  made  for  two  separate  cases,  viz,  (1)  for  domestic  mar- 
kets and  (2)  for  foreign  markets. 

The  investigations  of  the  Board  show  that  for  ])otli  waterways  the 
most  favorable  route  from  Lake  Erie  to  Lake  Ontai-io  is  via  Lasalle, 
Lewiston,  and  the  Niagara  River.  This  i-onte  is  tluM-efoiv  adoiitcd  as 
part  of  every  line  investigated. 

The  routes  from  Dnluth  and  Chicago  to  New  York,  wliicli  will  be 
compared,  are  as  follows: 

1.  Thirty-foot  waterway  via  Lasalle,  Lewiston,  St.  Lawrence  River, 
and  Lake  Chami^lain. 

2.  Thirtj'-foot  waterway  via  Lasalh%  Lewiston,  and  the  Mohawk 
Vallej',  high-level  plan. 

3.  Thirty-foot  waterway  via  Lasalle,  Lewiston,  and  the  Mohawk 
Valley,  low-level  plan. 

4.  Twentj'-one  foot  waterway  via  Lasalle,  Lewiston,  St.  Lawrence 
River,  and  Lake  Champlain. 

5.  Twenty-one  foot  waterway  via  Lasalle,  Lewiston,  and  the  Mohawk 
Valley,  high-level  plan.  . 

0.  Twenty-one  foot  waterway  via  Lasalle,  Lewislou,  and  the  Mohawk 
Valley,  low-level  plan. 

THE    TYPE   CARRIERS. 

The  charactei'istic  feature  of  the  waterway  having  a  depth  of  21  feet 
is  that  it  can  be  navigated  by  lake  vessels,  so  that  freiglit  does  not 
have  to  be  transferred  to  other  carriers  in  passing  from  lake  to  canal 
or  from  canal  to  lake.  The  depth,  however,  will  not  be  sufficient  for 
navigation  b}'  vessels  of  the  most  economical  type  to  cross  the  ocean, 
and  it  is  therefore  assumed  that  freight  destined  for  ports  beyond  sea 
will  have  to  be  transferred  to  other  carriers  at  tlie  seaboard.  For 
reasons  which  will  be  given  elsewhere,  it  is  assumed  that  the  type  car- 
rier adopted  for  this  waterway  will  be  adapted  not  onlj'  to  lake  and 
canal  traffic,  but  also  to  economical  navigation  along  the  coasts  of 
Nortli  and  South  America. 

The  characteristic  feature  of  the  waterway  having  a  dej)th  of  30 
feet  is  that  it  can  be  navigated  by  both  lake  and  ocean-crossing  vessels, 
and  so  transference  of  freight  will  not  be  required. 

The  traffic  on  either  waterway  will  consist  principally  of  the  move- 
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iiienl of  bulky  Irciglit,  such  as  grain,  (-oal,  IuiiiIkt,  and  ores,  to  doiiics- 
tie  tmd  coast  markets  or  to  markets  beyond  the  sea.  Probaljly  this 
freight  will  be  carried  for  a  time  in  a  great  variety  of  vessels,  but 
there  will  ])e  a  gradual  tendency  to  develop  a  type  of  vessel  adapted 
to  the  most  economical  service  in  connection  with  the  waterway  con- 
sidered. It  is,  of  course,  impossible  to  predict  with  certainty  what 
these  types  will  be  for  the  waterways  in  question,  but  for  the  purjjoses 
of  this  investigation  type  carriers  have  been  selected  Avhich,  it  is 
believed,  will  transport  freight  at  the  lowest  cost. 

The  following  table  gives  data  for  various  carriers  and  the  cost  of 
transportation  per  ton-mile  in  open  water  computed  therefrom.  This 
cost  is  determined  by  dividing  the  daily  cost  of  the  vessel,  including 
interest,  depreciation,  repairs,  and  insurance,  by  the  product  of  the 
number  of  tons  in  the  full  cargo  and  the  number  of  miles  traveled  in 
twenty-four  hours  in  open  sea.  It  takes  no  account  of  detentions, 
profits,  shore  expenses,  or  final  absorption  of  the  capital  invested,  and 
therefore  should  not  be  confounded  with  the  actual  cost  of  transpor- 
tation. It  is  employed  only  to  determine  the  relative  economy  of 
transportation  of  the  different  vessels  in  open  water. 

The  table  includes  vessels  of  19,  23,  and  27  feet  draft,  lengths  from 
480  to  550  feet,  breadths  from  52  to  60  feet,  and  speeds  of  124  and  15 
statute  miles  per  hour  in  open  water.  These  data  have  been  prepared 
for  the  Board  by  Mr.  Frank  E.  Kirby,  the  eminent  marine  engineer, 
and  therefore  may  be  accepted  with  great  confidence.  The  carriers 
are  modern  steel  vessels  with  water  ballast  when  light.  Xos.  1  to  8 
are  single-screw  steamers,  and  Nos.  9  to  14  are  twin  screws. 


Number  of  carrier 

Length  over  all feet.. 

Breadth do — 

Draft do.... 

Speed,  statute  miles  per  hour 

Indicated  horsei)()vver 

Coal  consumed  per  hour pounds. . 

Carrying  capacity net  tons.. 

Cost  of  ship  tor  lake  business  only,  dollars 

Cost  of  ship  for  ocean  and  lake  business, 
dollars 

Pay  roll  i)er  day,  Including  subsistence, 
dollars 

Percentage  of  cost  for  repairs  and  depre- 
ciation     

Percentage  of  cost  for  insurance 

Incidental  expenses  per  day  (coal,  waste, 
etc.) dollars.. 

Cost  of  ti'ansport  in  open  water  per  v-on- 
mile  (ocean  and  lake  carrier) — mills.. 

Number  of  carrier 

Speed,  statute  miles  per  hour 

Indicated  horsei>ower 

Coal  consumed  per  hour pounds.. 

Carrying  capacity  ... nettons.. 

Cost  "of  ship  for  ocean  and  lake  business, 
dollars 

Pay  roll  per  day,  including  subsistence, 
aollars 

Percentage  of  cost  for  repairs  and  depre- 
ciation  

Percentage  of  cost  for  insurance 

Incidental  expenses  per  day  (coal,  waste, 
etc.) dollars.. 

Cost  of  transport  in  open  water  per  ton- 
mile  mills.. 


1 

4S0 
.52 
19 
121 

2.200 
3,850 
S.tHJO 

:wo.ooo 

387,000 

60 

5 

a 

117 
0.128 


504,000  558,000  657,  eOO  710.050  750,000 
I  1  I 

462,000  554,400  612,400  j705,600  771,400  838,400 


15 
3,650 
6.400 
7.6.50 

410. nno 


154 
0.141 


3 

480 

53 

23 

131 

3,480 

4,340 

9,600 

430,000 


5 

480 

53 

27 

121 

2,800 

4,900 

11.760 


500 

-  54 

•>7 

121 
2,930 
5,120 
12.600 


9 
530 
56 

''7  I 

131 

3,100  I 

5,460  ! 

W.300 


11 
540 

58 

27 

131 

3,200 

5,600 

13,980 


13 

550 

60 

27 

12i 

3,330 

5,830 

14,100 


60 

5 
H 

129 

0.129 


4 

15 
4,130 
7,2:J0 
8.800 


62 
5 

a 

14,-5 
0.131 


62 


6 

15 
4.700 
8,230 
9,600 


".07,20(1  :>o.'.noo 


0. 120 


80 


155 
0.139 


8  10 

15  15 

4,850  I    5,200 

8,300  1    9,iat 

10.000  '  10,800 


174 
0.142 


*1 

196 

0.148 


ivii.ax) 

5 

204 

0.1.51 


reo,ooo 

96 
5 

*i 

218 
0.158 


80 

5 
M 

1.5S) 
0.130 


82 


0.136 


12 
15 

.5,:«)0 

9.300 
11.600 

836,000 

98 


14 
15 

500 
700 
000 


885,000 
108 


0.157       0. 
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The  carriers  Avhich  can  navigate  the  21-foot  waterway  are  Nos.  1 
and  2.  They  have  a  draft  of  19  feet,  a  breadth  of  52  feet,  and  a  length 
of  480  feet.  These  dimensions  are  adopted  for  the  21 -foot  waterway 
in  this  investigation  because  they  are  believed  to  conform  to  the  best 
present  lake  practice.  The  vessels  are  not  quite  as  long  as  the  long- 
est vessels  employed  with  the  same  draft,  but  they  have  nearly  tlie 
gi'eatest  beam  yet  adopted.  The  cost  of  transport  per  ton-mile  in  open 
water  is  much  greater  for  carrier  No.  2,  Avhich  has  a  speed  of  15  statute 
miles  per  hour,  than  for  carrier  No.  1,  which  has  a  speed  of  12^  miles 
per  hour,  and  the  difference  will  be  increased  in  a  restricted  channel. 
No.  1  is  therefore  adopted  as  the  type  carrier  for  the  21-foot  waterway. 

All  the  carriers  can  navigate  the  30-foot  waterway.  It  appears  from 
the  costs  per  ton-mile  given  in  the  table  that  the  carriers  having  a 
speed  of  12^  miles  per  hour  are  much  more  economical  than  those 
having  a  speed  of  15  miles  per  hour.  Of  these  carriers.  No.  7  is  the 
most  economical  in  open  water,  and  also  the  most  economical  in  a 
restricted  channel  as  compared  with  the  other  carriers  having  a  draft 
of  27  feet.  The  diminution  of  speed  in  a  restricted  channel  varies 
considerably  for  vessels  of  different  draft.  To  determine  whether 
No.  7  is  more  economical  than  No.  1  for  navigation  in  tlie  30-foot 
waterwaj',  the  loss  of  speed  due  to  channel  restriction  and  the  result- 
ing costs  of  transport  per  ton-mile  have  been  calculated  for  tlie  two 
cases.  For  carrier  No.  1  the  cost  of  transport  per  ton-mile  in  the 
30-foot  waterway  is  0.308  mill,  and  for  carrier  No.  7,  0.300  mill.  Car- 
rier No.  7  is  the  more  economical  under  the  assumed  conditions,  and 
is  therefore  adopted  as  the  type  carrier  for  the  30-foot  waterway. 

THE    DATA    FOR    COMPARISON. 

In  order  to  apply  equation  8  to  the  determination  of  the  relative 
direct  benefits  to  be  derived  from  the  waterways  under  consideration, 
values  for  tlie  constants  entering  the  equation  must  be  computed  or 
assumed.  The  methods  employed  in  determining  these  values  will 
now  be  described. 

The  3()-foot  waterways  will  first  be  compared  with  each  other,  water- 
way No.  3  being  taken  as  the  standard.  The  21-foot  waterways  will 
then  be  compared  with  each  other,  waterway  No.  6  being  taken  as  the 
standard.  The  best  30-foot  waterway  will  then  be  compared  with  a 
21-foot  waterway,  the  latter  being  taken  as  the  standard. 

In  equation  8,  Q,  C,  M^,  R,  and  j)  i-elate  to  the  standard  waterway 

and  Q',  C,  M'w,  and  jj'  to  the  waterway  comjiared  therewith.     In  the 

tf»bles  the  primes  are  omitted,  except  where  the  data  refer  to  both 

waterways.     For  convenience  the  notation  employed  is  here  repeated : 

C  =  cost  of  the  construction  of  the  waterway. 

Mw  =  annual  cost  of  the  maintenance  and  operation  of  the  waterwaj'. 
Q  =  number  of  net  tons  of  freight  annuallj^  transported  over  the 
waterway. 
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J?=-;ivei'ajj;<'  cost  of  moving;  oim'  ton  lioiii  one  t«'i-niiiial  to  tin*  ot  li«*r. 
y  =  a\erHjLj:«'  (litfercncc  in  value  of  frt'ight  unit  at  terminals. 
R  =  annual  return  upon  if'lOO  expended  in  construction  of  standard 

waterway. 
R'  =  annual  return  upon  $10()  expended  in  construction  of  waterway 
compared. 

r>         R' 

^'  =  R- 

1.  ConsfanU  of  the  waterway. — The  cost  of  constructing  each  water- 
way (C)  is  obtained  from  the  detailed  estimates  made  by  tlie  Hoanl.  In 
connection  with  the  -JO-foot  waterways  it  will  be  necessary  to  increase 
the  depth  of  the  harbors  at  Duluth  and  Chicago  to  30  feet  to  afford 
necessar}'  terminal  facilities.  The  cost  of  deepening  Duluth  IIarl)or 
to  30  feet,  not  including  maintenance,  is  estimated  by  31aj.  C".  li.  Scars, 
Corps  of  Engineers,  at  $4,607,500,  and  the  cost  of  establishing  the 
same  depth  in  Chicago  Har])or  is  estimated  l\v  Ma.j.  J.  TI.  Willard, 
Corps  of  Engineers,  at  $o,000,0(H).  For  the  3(>-foot  waterways  these 
items  are  added  to  the  estimates  of  the  Board. 

Major  Sears  estimates  the  cost  of  new  piers  and  the  protection  of 
old  ones  at  Duluth  at  ^1,000,000.  This  has  not  been  included  in  the 
estimate  for  harbor  improvement,  as  it  is  assumed  that  tlie  work 
would  not  bo  done  at  the  expense  of  the  Government.  The  estimate 
for  Chicago  Harbor  does  not  include  the  cost  of  acquiring  projx^rty 
nor  the  protection  of  existing  structures,  which,  Major  Willard  says 
would  be  enormous. 

The  annual  cost  of  maintenance  and  operation  of  each  waterway 
(Mw)  has  been  determined  by  the  Board  after  a  thorough  study  of  the 
conditions  in  each  case  and  the  results  of  experience  on  existing  water- 
ways, the  estimates  being  based  upon  the  following  assumptions: 

For  annual  repair  and  maintenance  of  all  structures,  such  as  locks, 
dams,  and  bridges,  1  per  cent  upon  the  first  cost. 

For  annual  repair  and  maintenance  of  the  canal  prism,  one-half  of 
1  per  cent  ui)on  the  first  cost. 

For  annual  operation  of  single  lift,  single  lock,  §24,740. 

For  annual  operation  of  double  locks,  |;19,358  to  $38,645  per  lift, 
depending  upon  the  number  of  lifts  combined. 

These  estimates  include  the  estimated  cost  of  the  lieiiei-Ml  suju'rvi- 
sion  of  the  whole  line. 

2.  Constants  of  traffic  volume. —  The  values  of  C^  antl  Q  can  not  he 
estimated  with  certainty,  but  for  the  purpose  of  comparing  waterways 
of  the  same  depth  and  navigated  by  the  same  type  carrier,  it  may  be 
assumed  that  these  ciuantities  are  proportional  to  the  lengtli  of  the 
average  season  of  navigation. 

In  determining  the  round-trip  load,  it  is  assumed  that  the  vessel 
will  carry  its  full  load  in  its  eastward  trip  and  only  one-third  of  its 
load  on  its  westward  trip.     As  will  be  shown  hereafter,  the  volume  of 
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the  westward  traffic  is  about  one-third  that  of  the  eastward  traffic  at 
the  present  time. 

The  number  of  days  in  the  average  season  of  navigation  has  been 
determined  by  the  Board  from  the  records  of  the  St.  Marys  Falls  and 
St.  Lawrence  canals  for  recent  years. 

3.  Constants  of  transport. — The  average  cost  of  moving  the  freight 
unit  from  one  terminal  to  the  other  (/>)  is  computed  by  dividing  the 
cost  of  maintaining  and  operating  the  type  carrier  (including  interest 
on  first  cost)  during  the  round  trip  by  the  number  of  tons  in  the 
round-trip  load.  The  cost  of  juaintenance  and  operation  during  the 
round  trip  is  determined  by  multiplying  the  daily  cost  of  carrier  by 
the  number  of  daj^s  in  the  round  trip  and  subtracting  from  the  result 
the  estimated  value  of  the  coal  saved  during  detention.  On  each  day 
of  detention  it  is  assumed  that  20  tons  of  coal  are  consumed,  which 
is  valued  at  $2  per  ton. 

The  value  oi  p  thus  determined  is  not  the  freight  rate.  It  does  not 
include  the  cost  of  loading  and  unloading  at  the  terminals,  the  insur- 
ance of  the  freight  during  transit,  nor  the  shore  expenses.  These 
elements  are  omitted  because  tliey  are  assumed  to  be  equal  increments 
of  V,  p,  and  p\  and,  therefore,  do  not  affect  the  value  of  the  coeffi- 
cient of  transport,  _~^-  In  tiie  case  of  carrier  No.  1,  however,  25 
I     p 

cents  is  added  to  the  value  of  p  for  foreign  traffic,  this  being  the  esti- 
mated average  cost  of  transferring  the  freight  unit  to  a  deep-sea 
carrier. 

V  —  p' 
To  determine  tlie  value  of  tlie  coefficient  of  transport  ~t~~  it  is  nec- 
essary to  assume  a  value  for  v.  The  minimum  value  of  r  is  the  actual 
price  j)aid  for  moving  the  freight  unit  from  one  termirml  to  the  other, 
plus  the  cost  of  transferring  it  to  a  deep-sea  carrier.  In  1898  the  freight 
rate  on  a  ton  of  wheat  from  Chicago  to  New  York  (by  lake  and  canal, 
inckiding  transfer)  was  $1.61,  and  from  Duluth  to  New  York,  $1.77. 
To  these  must  be  added  $0. 25  for  transfer  to  the  deep-sea  carrier. 
The  minimum  value  of  v  for  routes  from  Chicago  to  New  York  is  there- 
fore assumed  to  be  $1.86,  and  for  routes  from  Duluth  to  New  York  at 
$2.02.  The  maximum  value  of  v  can  not  be  determined;  but  as  v 
increases  the  coefficient  of  transport  rapidly  approaches  a  limit  at 
which  it  becomes  sensiblj^  equal  to  unity,  and  the  terms  in  equation  8 
containing  R  become  insignificant.  The  values  of  R^,  corresponding 
to  extreme  values  of  r,  may  therefore  be  obtained  from  equation 
8,  with  the  minimum  values  of  v  above  given  and  from  the  equa- 

Q'         C 
tionR^==7Y    •    fv.     In  the  comparisons  given  hereafter  the  minimum 

values  of  v  are  employed,  because  the  values  of  p  and  p'  are  minimum 
values,  and  because  it  is  desirable  to  give  the  cost  of  transport  its  full 
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eflfeet  in  tlic  formula.  Tlio  i)ossibl<'  variation  in  Ww  value  of  li  ,  due 
to  a  change  in  the  assumed  value  of  r,  nuiy  be  readily  computed  from 
the  data  given  in  the  tables.  It  will  be  found  that  the  possible  change 
in  R^  is  in  every  case  very  small,  being  generally  in  the  third  <lecimal 
place. 

It  is  evident  that  the  coefficient  of  transi)ort  measures  the 

relativ*'  l>enelil  derived  from  tlie  line  pr-r  unil  of  freight  t ranspoited, 
leaving  out  of  consideration  costs  of  construction  and  maintenance. 

4.  Constant  of  return  for  the  starvldrd  icaterway. — Changes  in  the 
value  of  R  will  pi-oduce  little  effect  upon  the  value  of  R,,  determined 
from  equation  8.  It  will  be  seen  from  equation  7  that  R  depends  upon 
the  annual  volume  of  traffic  actually  moved  over  the  stan<lard  water- 
way. Assuming  Q  25,(  ()0,()()(J  tons  (which  is  the  value  assumed  by 
the  Board  for  the  discussion  of  technical  questions  affecting  the  water- 
way), values  of  R  for  foreign  and  domestic  traffic  may  be  computed 
from  equation  7. 

Equation  8  is  applicable  to  any  part  of  the  traffic  (foreign  or  domes- 
tic) if  we  assume  that  it  is  in  the  sam«?  relative  proportion  to  the  total 
traffic  in  the  cases  compared. 

The  values  of  the  constants  as  computed  by  the  methods  above 
described,  and  the  principal  data  upon  which  they  are  based  are  given 
in  the  following  tables: 
H.  Doc.  149 17 
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COMPARISON   OF   THE    WATERWAYS. 

1.  Thirty-foot  waterivays. — The  values  of  R^  obtained  from  equation 
8,  using  the  data  from  Table  I,  are  given  in  the  following  table,  water- 
way No.  3  being  the  standard  for  eomiiarison  : 


No. 


Route. 


New  York  to- 


Domestic. 
R,.       Mean 


Foreign. 
R,.       Mean. 


Champlain {gS^,: 

Mohawk  high  level i{chi  "ag'o '. 

Mohawk  low  level  (standard)  -  - '{chic"ago ! 


0.928 
0.937 
1.(109 
1.010 


0.927 
1.010 


1.000 


0.9215  \ 

0.92.5  / 

1.010  I, 

1.009  J 


0.926 
1.010 


1.000 


If  the  assumptions  upon  which  this  investigation  is  based  are 
accepted,  the  above  values  show  that  the  return  of  direct  benefit  from 
the  30-foot  waterway  via  the  St.  Lawrence  River  and  Lake  Champlain 
(No.  1)  is  less  for  both  foreign  and  domestic  traffic  than  the  return 
from  either  of  the  Mohawk  Valley  routes.  The  two  Mohawk  Valley 
waterways  give  practically  the  same  returns.  The  difference  between 
the  Champlain  and  Mohawk  Valley  routes  seems  too  great  to  be  acci- 
dental. It  corresponds  to  a  change  of  about  1 1  per  cent  in  the  relative 
cost  of  construction. 

2.  Twentij-one-foot  waterways. — The  values  of  R^  obtained  from 
equation  8,  using  the  data  from  Table  II,  are  given  in  the  following 
table,  waterway  No.  (5  being  the  standard  for  comparison : 


No. 


Route. 


New  York  to 


^,          ,  .  /Duluth . 

Champlain jchicago 

Mohawk  high  level jlchica Jo 

iDuluth 


Mohawk  low  level  (standard)... 


\Chicago 


1.013 
1.003 


1.000 


The  al)ove  values  show  that  the  return  of  direct  benefit  from  the 
21-foot  waterway  via  the  St.  Lawrence  River  and  Lake  Champlain 
(No.  4)  is  theoretically  a  little  greater  than  the  return  from  either  of 
the  Mohawk  Valley  routes.  The  Mohawk  Valley  routes  give  nearly 
equal  returns.  Practically,  however,  the  three  routes  give  the  same 
return  of  direct  benefit,  the  difference  between  tlie  Champlain  and 
Mohawk  routes  corresponding  to  a  change  of  about  1  per  cent  in  the 
relative  cost  of  construction. 

3.   Twenty-one  and  30  foot  waterways. — The  value  of  R,  as  deter- 

^    that  is 


mined  from  equation  8  depends  largely  upon  the  value  of 


Q' 


upon  the  relative  volumes  of  traffic  upon  the  waterways  compared. 
In  the  preceding  comparisons  there  was  no  difficulty  in  making  a 
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reasonable  estimate  of  this  <inantity,  since  the  walenvays  eousifhM-ed 
were  of  the  same  dimensions  and  the  tiafVie  was  assumed  to  ])e  eon- 
dueted  in  the  same  type  carriers. 

For  the  pnrpose  of  comparinji:  a  ;>(»-root  waterway  navi;rate<I  by 
carrier  No.  7  with  a  iM-foot  waterway  navigate<l  l)y  carrier  No.  1  it 
is  necessary  to  determine  a  reasonabh' value  f<»rthis  (piantity.  In 
the  pap'M- on  Jjocks  (Appendix  No.  1)  it  is  shown  that  the  i)ractical 
maximum  annual  Iraltic  capacity  of  tlie  waterway  is  linnte<l  by  the 
rate  at  wliich  vesseN  can  pass  through  the  locks.  With  a  single  lock 
of  20-foot  lift,  the  maximum  annual  traffic  capacity  of  the  21-foot 
watei'way  {il)  will  be  25,loO,0;i()  net  tons,  and  the  maximum  annual 
traffic  capacity  of  the  :}0-foot   waterway  (Q')  will  be  2<J,35(>,(X)0  net 

For  this  case  we  have  ^       1.048. 


tons. 


Q 


Assuming  waterway  No.  G  as  the  standard  and  comparing  there- 
with waterway  No.  2  (which  is  the  l)est  80-foot  waterway),  we  obtain 
the  values  of  R,  given  in  the  following  table: 


Waterway. 

No.  2  (30-foot )  . 
No.  6  (21  foot)  . 


I).  .infsti< 


Route. 


New  York  ti  • 


Moh'iwk  hitrh  l*^v«l  fDulnth 0.{i69 

Jionawk  nigh  level iichi -ago 0.687 

(Mohawk  low  level  (stand-    (Duluth | 

I    arcl).  'iCliifago ] 


Mean.       R,.      Mean 


[  0.678 
I  1.000 


Foreign. 


0.839  I    n  asn 


If  we  suppose  the  single-lift  locks  to  be  duplicated,  the  traffic 
capacity  of  the  waterway  will  be  determined  by  the  lockage  capacity 
of  the  Lewiston  flight,  and  we  have  Q' =  :U,405,000,  Q  =  35, 801, 000, 


Q' 

andg-  =  o.9(;i. 


In  this  case  the  traffic  capacity  of  the  larger  water- 


way is  actually  less  tlian  that  of  the  smaller  one.  The  corresponding 
values  of  R,  (neglecting  changes  in  relative  co.st  and  maintenance 
due  to  the  additional  locks)  are  given  in  the  following  table: 


Waterway. 


Domestic. 


Route. 


New  York  to — 


Foreign. 


No.  2  (30  foot)  ..--    Mohawk  bigh  level '{chk-aKo 

No.  6  (21-foot)  "--  l^a?!)'''^  ^°^  ^^'^^^  (stand-  !/g^jl»^tl»^- - 


B,. 


0.613 
0.62S» 


Mean. 


R/. 


\  0.621 
\  l.OOO 


0. 7.57 
0. 7i«3 


Mean. 

}„,:;,■, 

1.000 


The  above  values  show  that  the  return  of  direct  l)enetit  from  the 
21-foot  waterway  is  much  greater  than  the  return  from  tlie  :J0-foot 
waterway. 

It  should  be  remarked,  however,  that  the  lock  dimensions  adopted 
b}'  the  Hoard  for  the  30- foot  waterway  are  too  large  for  the  most  eco- 
nomical results  from  a  purely  freight  traffic,  these  «limensions  having 
been  ch(j,sen  to  provi<le  for  the  passageof  ships  of  warand  large  ocean 
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vessels  built  on  the  lakes.    With  locks  designed  for  the  most  econom- 
ical freight  traffic  only,  somewhat  better  results  would  be  obtained. 

RELATIVE   INDIRECT   ADVANTAGES. 

The  preceding  discussion  has  been  confined  to  the  investigation  of 
the  comj)arative  direct  value  of  the  waterways  considered  simply  as 
instruments  of  commerce  for  the  economical  transportation  of  bulky 
low-priced  freight.  From  this  restricted  point  of  view  it  appears  that 
the  21-foot  watei'wa}'^  is  much  superior  to  the  30-foot  waterway. 
This  is  the  view  which  would  necessarily  be  taken  by  a  private  pro- 
prietor looking  only  to  the  direct  gains  which  might  be  derived  from 
the  traffic.  But  when  the  Government  is  the  proprietor,  the  problem 
can  not  be  limited  to  such  narrow  conditions.  The  indirect  benefits 
derived  from  the  establishment  of  the  line  may  l)e  of  such  importance 
in  their  influence  upon  production,  commerce,  and  the  general  pros- 
perity of  the  people  that  the  (juestion  of  a  greater  or  less  return  of 
direct  value  may  become  comparatively  insignificant.  It  is  of  vital 
importance  to  the  private  proprietor  that  he  should  obtain  a  reason- 
able money  return  for  his  investment;  but  the  Government  may  often 
wisely  expend  large  sums  for  the  production  of  general  results,  even 
when  no  direct  return  of  value  can  be  expected. 

In  forming  an  estimate  of  the  relative  indirect  advantages  and  dis- 
advantages of  the  waterways,  questions  must  be  considered  which  can 
not  be  stated  in  mathematical  formulas.  For  a  clear  understanding 
of  these  questions  it  will  be  necessary  to  consider  briefly  the  amount 
and  character  of  the  existing  lake  traffic  and  its  past  and  probable 
future  development,  to  point  out  the  distinguishing  peculiarities  of 
transportation  lines  of  diffei'ent  character  and  capacity,  and  to  indicate 
the  objects  which  the  proposed  waterways  are  intended  to  subserve. 

THE   LAKE   TRAFFIC. 

The  demand  for  increased  facilities  and  diminished  rates  of  trans- 
portation from  the  region  of  the  Great  Lakes  to  the  interior  of  the 
country  and  to  the  sea  is  based  upon  facts  which  are  believed  to  be 
established  by  the  history  of  the  development  of  the  productive 
resources  of  this  part  of  our  territor^^  The  commodities  forming  the 
bulk  of  the  traffic  for  which  i^rovision  is  desired  are  grain  (including 
flour),  iron  ore,  lumber,  and  coal. 

The  movement  of  these  commodities  comprises  about  00  per  cent  of 
the  total  freight  movement  on  the  lakes.  As  will  be  shown  hereafter, 
the  greater  part  of  this  traffic  goes  to  the  domestic  markets  of  our  coun- 
try, but  still  an  important  part  is  destined  to  foreign  markets.  The 
volume  of  these  products  has  increased  rapidly  with  every  increase  in 
the  facilities  of  transportation  and  with  ever}-  permanent  decrease  in 
transportation  rates.     It  is  claimed  that  further  increase  in  facilities 
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and  reduction  in  rates  is  uljsolntcly  necessary  if  we  would  hold  our 
place  in  foreign  markets  in  eoiniM'lit  i<>n  with  lh»'  piddiirt^  of  nlhcr 
countries. 

For  the  pui-poses  of  this  imiuiry  full  and  accurate  statistics  of  the 
lake  commerce  as  it  now  exists  are  unnecessary,  and  indeed  w<nihl  be 
of  little  value.  The  problem  involves  conditions  which  will  exist 
after  a  deep  waterway  has  been  establishe<l,  and  the  (juantitative 
effects  of  these  conditions  can  not  be  <letei'mined  from  any  existinj^ 
data.  Only  such  figures,  therefore,  aie  Lnven  as  relate  directly  to  the 
questions  under  consideration.  . 

The  following  table  '  shows  for  the  year  1898  the  traffic  for  each  of 
the  four  leading;  commodities  referred  to  above,  the  eastward  traffic 
(that  is,  the  traffic  east  of  Detroit),  and  the  quantities  destined  to 
domestic  and  foreign  markets,  respectively: 

[Quantities  in  net  tons^.] 


Commodity. 


Grain  (including flour). 

Iron  ores    

Lumber 

Coal 


Total 


Total  truffle.  - 

12,036.013 
13.6.T0.7h8 
4,540.ttK) 

8, 7*',  667 

Eastward  traffic. 

Total.           Domestic. 

12,im,0U          2,888,829 
11,028,321         11,028.321 
2..531,180         2,531,180 

Export, 
a  9, 147, 184 

-  '''•■   ■'- 

.'■..5«5,r)U        16,448,330 

9,147,184 

n  Exports  from  Muutreal.  Bo.stou,  Xew  York,  Philadelphia,  and  Baltimore. 

To  indicate  the  ma.i2:nitude  of  the  past  development  of  this  com- 
merce it  is  only  necessary  to  say  that  the  total  lake  traffic  for  the  year 
1871  has  been  estimated  at  14,28;i,0(X)  tons.  Since  that  time  trans- 
portation facilities  by  rail  and  water  have  been  greatly  increased,  new 
locks  around  the  falls  of  St.  Marys  River  have  been  constructed,  the 
Welland  Canal  has  been  deepened,  the  lake  harboi-s  and  channels 
have  been  improved,  steam  ves.sels  have  taken  the  place  of  sailing 
vessels,  and  the  population  of  the  country  has  about  doubled.  These 
are  the  principal  cau.ses  of  this  enormous  expansion  of  the  volume  of 
traffic. 

FUTURE   DEVELOPMENT  OF   L.\KE   TRAFFIC. 

The  population  of  the  country  will  surely  continue  to  increase  rap- 
idly, and  this  mu.st  be  accompanied  by  an  increase  in  the  volume  of 
the  lake  traffic.  It  must  not,  however,  be  inferre<l  that  the  eastward 
traffic  will  develop  in  direct  proportion  to  the  increase  in  population 
of  the  country,  for  about  oiie-half  of  our  population  is  situated  in  the 


'The  figures  for  grain  (inclndiug  flour)  are  compiled  from  a  report  entitled 
The  Grain  Trade  of  the  United  States,  published  by  the  Bnreai  of  Statistics  of  the 
Treasury  De]);irt;uent.  January,  15XX).  The  other  figures  are  based  upon  data 
obtained  from  the  admirable  tables  which  accompany  the  report  of  the  commit- 
tee on  canals  of  New  York  State.  li^9y. 
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great  Mississippi  Basin,  where  the  rate  of  increase  is  mucli  gi-eater 
than  in  our  Eastern  territory.  The  future  deinands  of  tliis  part  of 
our  country  upon  the  products  of  the  lake  region  will  doubtless 
reduce  the  relative  amount  of  Eastern  traffic.  Nevertheless,  it  does 
not  seem  unreasonable  to  believe  that  the  ratio  of  demand  to  supply 
will  continue  to  be  as  great  as  it  is  at  the  present  time,  even  should 
the  facilities  for  transportation  be  very  largely  increased.  The 
assumption  that  the  difference  in  value  of  the  freight  unit  at  the 
terminals  is  constant  for  the  transportation  lines  considered,  which 
forms  the  basis  of  our  e<iuation  of  utility,  seems,  therefore,  to  be 
justified. 

It  appears  from  the  table  given  above  that  only  about  one-third  of 
the  east-bound  lake  freight  is  exported  to  foreign  countries,  the  re- 
mainder being  distributed  to  domestic  markets.  Practically  tlie  entire 
exports  of  commodities  transpoi"ted  on  the  lakes  and  received  from 
the  lake  region  consists  of  grain  and  other  food  products. 

(iKAlN. 

As  regards  the  future  development  of  the  production  of  grain  in 
the  region  tributary  to  the  lakes,  it  is  only  necessai-y  to  point  out  that 
the  rapid  increase  of  our  population  will  imperatively  demand  the 
utilization  of  all  our  food-producing  areas  in  the  near  future  for  the 
supply  of  our  own  markets.  It  has  been  stated  by  Hon.  John  Hyde, 
Chief  Statistician  of  the  Agricultural  Department,  that  within  the 
short  period  of  thirty  years  more  than  the  entire  wheat  production  of 
the  country  will  be  required  for  consumption  by  our  own  people,  to 
the  entire  exclusion  of  our  export  trade. ^  Even  should  this  view  not 
be  accepted  by  all,  it  must  be  admitted  that  the  ratio  of  the  export 
trade  to  the  domestic  trade  in  food  products  must  rapidly  diminish. 

IRON    ORE. 

The  movement  of  iron  ore,  Avhich  forms  at  the  present  time  so  large 
a  proportion  of  the  lake  traffic,  is  principally  from  Lake  Superior  to 
Lake  Erie  poi'ts,  from  which  the  ore  is  sent  by  rail  to  the  great  coal 
and  iron  region  of  which  Pittsburg  is  the  center.  As  the  undeveloped 
resources  of  the  Lake  Superior  region  are  enoi-mous,  this  traffic  may 
increase  greatly  under  the  demands  resulting  from  increased  popula- 
tion. Should  adequate  facilities  for  water  transportation  be  provided, 
it  is  possible  that  a  considerable  part  of  these  products  maj*  be  carried 
to  points  within  the  interior  of  the  State  of  New  York,  where  conven- 
ient limestone  and  the  saving  in  cost  of  transportation  both  of  the 
crude  material  and  finished  product  may  compensate  for  the  advan- 
tage of  the  Pittsburg  district  in  its  greater  jwoximity  to  coke  and  coal.^ 

'"America  and  the  wheat  problem."    Published  in  The  Wheat  Problem,  by 
Sir  William  Crookes,  F.  R.  S. 
'^Report  of  committee  on  canals  of  New  York  State.  1899,  p.  15. 
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None  of  tliis  ore  is  exported  at   the  present  time,  nor  is  it   probabh; 
that  niueh  of  it  ever  will  l)e  except  in  th<'  form  of  finished  mat<*rial. 


Of  the  four  leading  commodities  considered  lumber  forms  the  small- 
est proportion  of  the  lake  traffic,  and  its  movement  is  rapidly  dimin- 
ishin«;.  The  reasons  for  this  rapid  decrease  are  fully  and  clearly 
stated  ]>y  Prof.  George  G.  Tunell  in  his  able  report  on  lake  com- 
merce. '  It  is  lai'gely  due  to  the  destruction  of  t  he  forests  on  the  shores  of 
the  lakes  and  on  the  banks  of  the  tj'il>utary  streams.  Lumber  is  now 
princijjally  obtained  at  points  so  far  in  the  interior  that  it  is  generally 
cheaper  to  saw  logs  at  local  mills  and  transport  the  product  by  rail 
than  to  carry  or  float  them  to  the  water  and  transship  them.  More- 
over, there  is  a  strong  and  increasing  competition  in  northern  markets 
from  southern  lumber.  The  exports  of  lumber  from  the  lake  region 
are  now  insignificant,  and  they  must  cease  in  the  near  future,  as  much 
more  than  our  entire  product  will  soon  be  needed  for  our  own  people. 


The  total  volume  of  eastwai-d  ti-affic  on  the  lakes  gi-eatly  exceeds 
that  of  the  westward  traffic.  The  lake  movement  of  i'Oii\,  which  is 
entirely  westwai'd,  is  therefore  of  great  importance,  not  only  because 
it  supplies  the  necessities  of  the  territory  west  and  north  of  Lakes 
Michigan  and  Superior,  but  also  because  it  furnishes  a  return  freight 
for  the  lake  carriers.  Professor  Tunell  states  that  during  1800  coal 
constituted  about  three-fourths  of  the  west-bound  traffic  through  the 
Detroit  River  and  8(5  per  cent  of  the  west-l)ound  traffic  thi'ough  the 
St.  Marys  Falls  Canal. 

Most  of  this  material  is  shipped  from  the  ports  of  Lake  Erie  to 
Duluth  and  Superior,  at  the  head  of  Lake  Superior,  and  to  Chicago 
and  Milwaukee,  at  the  head  of  Lake  Michigan,  the  shipments  to  Lake 
Sujjerior  l)eing  much  greater  than  those  to  Lake  Michigan,  as  in  the 
latter  case  the  conditions  are  more  favorable  for  railway  competition. 

At  the  present  time  none  of  the  coal  transported  on  the  lakes  is  .sent 

to  markets  beyond  sea,  but  if  a  deep  waterway  to  the  seacoast  were 

constructed   it  would    pr()bal)ly  become   an   important    f;(ct<»f   i?i    our 

export  traffic. 

sl:mm.\kv. 

'i'o  sumiuarize  the  abovi'  statements,  the  freight  traffic  of  the  (ireat 
Lakes,  already  amounting  to  at  least  40,000,000  tons  per  year,"^  may 
be  expected  to  increase  greatly  an<l  rapidly  with  increase  of  poi)ula- 
tioii  an<l  file  extension  and  cheapening  of  facilities  for  tran^^portation. 

'  L)()c.  No.  .377.  House  of  Representatives.  Fifty-fifth  Conprress.  secouil  session. 

■  The  rei^istered  tonnage  of  the  lake  traffic  for  181)8.  as  given  in  the  report  of  the 
New  Yi>rk  State  committee  on  canals,  is  6'2.02;5,0OO.  A  large  percentage  of  this  is 
the  registered  tonnage  of  passenger  steamers. 
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but  this  traffic  will  tend  more  and  more  to  domestic  markets  and  less 
and  less  to  foreign  ones. 

CHARACTERISTICS   OF  TRANSPORTATIOX   LINES. 

These  conditions  appear  to  fully  justify  the  establishment  of  new 
facilities  for  transportation  from  the  lakes  to  the  sea  either  by  the 
General  Government  or  by  State  or  private  enterprise.  At  the  pres- 
ent time  by  far  the  greater  part  of  the  traffic  between  lake  and  ocean 
is  by  railwaj',  only  about  one  twenty-tifth  of  the  volume  transported 
going  by  canal  and  river.  If  a  new  line  for  water  transportation  is  to 
be  established  it  must  be  done  by  tlie  Genei-al  or  a  State  Government, 
not  only  on  account  of  the  great  expenditure  involved,  but  also  because 
such  a  line  is  not  so  desirable  for  iirivate  ownership  and  operation  as 
a  railway,  upon  which  the  carrier  business  can  be  monopolized  by  the 
owner,  and  therefore  it  i)robably  would  not  be  constructed  by  private 
enterprise.  In  order  that  we  may  clearly  understand  the  consequences 
involved  in  the  i)roposed  change  of  the  greater  part  of  the  traffic  from 
rail  to  water  transportation,  we  must  now  briefly  point  out  the  prin- 
cipal characteristics  of  railway's  and  waterways  considered  as  instru- 
ments of  commerce  for  the  transportation  of  freight. 

It  is  frequently  asserted  that  water  transportation  is  ahvays  much 
cheaper  than  transportation  by  rail,  but  this  statement  can  not  be 
accei)ted  without  qualification.  If  it  is  intended  to  mean  that  the  cost 
of  transport  proper  is  generally  less  in  the  case  of  the  waterway  than 
in  the  case  of  the  railway,  tlie  statement  is  doubtless  true;  but  if  the 
toll  is  included  in  the  cost  of  transport  for  the  waterway  as  well  as  for 
the  railway,  the  cost  of  transportation  will  often  be  less  for  the  rail- 
way than  for  the  waterway  when  the  latter  is  an  artificial  channel  of 
moderate  dimensions. 

As  a  line  of  communication  between  the  same  terminals,  the  rail- 
way is  for  obvious  reasons  almost  always  shorter  than  the  water  line- 
Moreover,  it  carries  passengers,  and  a  considerable  part  of  its  freight 
is  of  large  value  in  proportion  to  its  bulk.  The  passengers  and  high- 
class  freight  are  made  to  bear  a  large  proportion  of  the  mean  cost  of 
transportation.  A  distinguished  authority '  on  this  subject  finds  from 
a  study  of  experience  on  French  railways  and  waterways  that  between 
two  given  points  the  mean  net  cost  of  transportation  by  rail  is  gener- 
ally lower  than  the  cost  of  transportation  by  water;  but  it  must  be  re- 
membered that  the  canals  of  France  are  of  small  dimensions  and  not 
well  adapted  to  economical  traffic.  In  short,  no  general  rule  on  this 
subject  can  be  laid  down.  Each  case  must  be  separately  investigated, 
and  the  relative  economical  advantages  of  the  rail  and  waterway  must 
be  determined  in  accordance  with  the  existing  special  conditions. 
Even  then  it  is  not  easy  to  make  a  satisfactory  comparison,  owing  to 


'  C.  Colson.  Ingenieur  des  Fonts  et  Chaussees,  Maitre  des  Requetes  au  Conseil 
d'Etat.     Transports  et  Tarifs.  Paris,  1890. 
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characteristic  (lirt'eroneos  in  the  methods  of  conducting  transportation 
by  the  two  lines.  Generally  the  railway  carries  [)as8engei*s  and  a 
great  variety  of  high-class  as  well  as  low-class  freight,  so  that  it  is  ex- 
ceedingly dirticult  to  determine  the  average  cost  of  transi)ortation  of 
any  assumed  freight  unit. 

One  of  the  most  important  differences  between  the  railway  and  the 
waterway  arises  from  the  fact  that  in  the  case  of  the  former  the  pro- 
prietor of  the  line  and  depots  for  receiving  and  shipping  freight  and 
the  carrier  are  one  and  the  same  party,  while  in  the  case  of  the  latter 
these  interests  are  generall}'  in  different  iiands.  It  results  fi'omthis 
that  railway  service  is  much  more  regular  and  efficient  than  water 
sei  vice,  because  it  is  under  a  centralized  management. 

The  skill  and  efficiency  with  which  the  railway  service  is  managed 
and  improved  and  the  lack  of  improvement  and  efficient  manage- 
ment in  canal  transportation  have  often  been  pointed  out,  but  it  does 
not  seem  to  have  been  observed  that  these  differences  are  largely 
inherent  in  the  different  character  of  the  organizations  of  the  two  serv- 
ices. The  management  of  the  railway  is  as  much  interested  in  the 
shipping,  receiving,  and  movement  of  the  traffic  as  in  the  toll,  while 
in  the  case  of  the  waterway  each  interest  is  concerned  with  the  othere 
only  so  far  as  may  appear  to  be  for  its  own  direct  benefit. 

In  the  case  of  the  waterway,  especially  when  it  is  of  snmll  dimen- 
sions, delays  are  more  liable  to  occur  from  accidents  and  crowding 
than  in  the  case  of  the  railway.  The  railway  has  generally  the  great 
advantage  of  speed,  which  secures  for  it  all  the  traffic  in  which  time 
of  transport  is  an  element  of  importance. 

Finally,  the  railway  is  available  for  traffic  during  the  whole  year, 
while  the  waterway  must  be  closed  during  the  season  of  ice. 

M,  Colson  rem  irks  that  experience  shows  that  generally  these 
advantages  of  the  railway  cause  it  to  be  preferred  for  the  movement 
of  merchandise  of  moderate  value  when  tlie  rates  do  not  exceed  those 
of  water  transportation  by  more  than  20  per  cent,'  This  deduction, 
however,  is  doubtless  based  upon  a  study  of  the  traffic  upon  the  i-ail- 
waj's  and  small  canals  of  France. 

The  net  cost  of  transportation  upon  tiie  waterways  lieiein  consid- 
ered, for  both  <lomestic  and  foreign  traffic,  would,  of  course,  be  very 
much  smaller  than  on  a  railway  or  combined  lake  and  railway  line, 
even  should  the  toll  be  included.  Moreover,  it  is  important  that  the 
facilities  provided  for  increased  traffic  movement  should  be  fully  a<le- 
quate  to  meet  all  possible  future  demands,  and  the  waterways  have  a 
traffic  capacity  exceedinii  that  which  could  be  fui-nished  by  railways 
at  the  same  cost . 

The  total  freight  tonnage  of  the  New  York  Central  and  Hudson 
River  Railroad  in  181)8  was  2:{,403,4r3*J  tons,  which  is  nuicli  less  tlian 
the  maximum  traffic  capacity  of  the  21-foot  wat^rwa.\ 

'Tarifs  et  Trans^wrts,  p.  310. 
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An  iinportaut  advantage  of  the  waterway  over  the  railway  results 
from  the  characteristic  feature  of  its  organization  which  has  been 
already  pointed  out — that  the  various  interests  of  line  manager, 
freight  shippei-,  and  receiver  and  carrier  are  in  different  and  inde- 
pendent hands.  The  maximum  amount  of  benefit  is  derived  from  the 
traffic  by  the  users  of  the  line  (or  general  public)  when  the  toll  and 
transpoi-t  proper  are  made  as  small  as  possible.  In  the  case  of  a  rail- 
way, where  the  entire  S3"stem  is  controlled  by  a  single  management, 
the  natui'al  effort  is  to  obtain  for  the  proprietor  and  carrier  as  much 
as  possible  of  the  value  derived  from  the  traffic;  in  other  words,  to 
make  the  traffic  pa^'  what  it  will  bear.  In  the  case  of  a  large  water- 
way open  to  the  use  of  all  carriers,  the  element  of  free  competition 
regulates  the  rate  of  transport  proper,  and  under  these  circum- 
stances the  charge  for  transportation  must  tend  to  approximate  the 
net  cost. 

But  it  is  not  merely  from  tlic  ivduction  of  rates  that  benelit  is 
derived.  One  of  the  most  injurious  effects  of  the  lack  of  free  compe- 
tition in  railway  traffic  has  been  the  variation  of  rates  through  a  wide 
range,  resulting  from  alternate  competition  and  combination  of  trans- 
portation lines.  It  has  been  found  difficult,  if  not  impossible,  to  con- 
trol these  vaj'iations  In*  law;  but  the  influence  of  a  large  waterway, 
open  to  the  use  of  all  carriers,  could  not  fail  to  prevent  large  fluctua- 
tions in  railway  charges  upon  bulky  freight  during  the  season  of  its 
opei-ation. 

It  has  already  l)een  pointed  out  that  this  characteristic  feature  of 
waterways  is  a  disadvantage  .so  far  as  regards  reg  ilarit}' of  service 
and  efficiency  of  management,  and  this  is  one  reason  why  it  may  be 
considered  desirable  for  the  Government  to  own  and  manage  the 
waterway  and  assume  the  toll.  Under  these  circumstances  the  public 
will  receive  all  the  benefit  derived  from  the  traffic  after  the  carrier 
has  been  paid  his  charges,  and  these  charges  will  be  kept  from  large 
fluctuation  and  near  the  net  cost  of  transport  by  the  action  of  free 
competition.  It  would,  at  first  sight,  seem  unfair  for  the  Government 
to  assume  the  toll  on  one  transportation  line  to  enable  it  to  compete 
to  advantage  with  other  lines  constructed  and  operated  by  its  own 
citizens;  but  it  is  claimed  that  the  increased  demand  for  a  higher  class 
of  freight,  created  by  the  business  and  prosperity  which  would  inevi- 
tably follow  the  construction  of  a  great  waterway,  would  more  than 
compensate  the  railways  for  their  loss  of  the  low-class  traffic.  It 
would  not  be  to  the  public  interest  to  have  the  high-class  traffic 
diverted  from  the  railways  to  the  waterways,  but  high-class  freight 
is  generally  package  freight  not  readily  handled  by  mechanical 
devices,  and  therefore  not  likely  to  go  by  water. 

This  characteristic  feature  of  water  transportation  controls  not  only 
the  movement  of  the  freight,  but  also  its  shipment  and  delivery.  In 
the  case  of  the  railway,  stations  are  established  at  which  freight  must 
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be  liandk'd  under  the  (lire<'tion  of  thr  inaiuiiL^rment.  In  the  ease  of 
the  waterway,  every  point  upon  its  hanks  is  a  possibU*  station.  The 
result  must  be  an  active  competition,  which  must  control  and  cheapen 
the  cost  of  handling  and  deveh^p  points  of  shipment  an<l  (hdiveiy  l)ist 
suited  to  economical  i-eceipt  and  distribution. 

It  is  claimed  as  a  great  advantage  of  waterways  of  sufficient  dimen- 
sions for  navigation  by  ships  that  they  i)ermit  of  the  transport  of  tlie 
cargo  through  to  domestic  or  foreign  ports  without  transfer  fi-om  one 
carrier  to  another,  thus  saving  the  time  and  cost  of  handling  and  loss 
by  waste.  This  is  an  advantage  of  the  ship  canal  as  comi)ared  with 
the  barge  canal  of  moderate  dimensions  as  well  as  with  the  railway. 
It  is,  however,  considered  by  high  authorities  very  doul)tful  whether 
a  vessel  can  be  so  constructed  as  to  navigate  successfully  and  eco- 
nomically the  ocean,  the  lakes,  and  the  canal.  The  ocean  vessel  must 
be  stronger  than  the  lake  vessel  and  more  costly  in  construction, 
operation,  and  maintenance,  and  it  must  be  fitted  with  expensive 
appliances  which  are  not  required  in  the  lake  traffic.  In  consider- 
ing this  question  it  must  be  remembered  that  under  existing  condi- 
tions the  lake  vessel  is  compelled  to  be  idle  during  about  one-third  of 
the  year,  while  if  it  had  free  access  to  the  sea  and  were  constructed 
for  foreign  or  coast  navigation  it  could  be  earning  mone}"  all  the  year 
round. 

Mr.  Kirby  estimates  the  cost  of  our  tj^pe  vessel  No.  1,  when  designed 
for  lake  and  ocean  business,  at  8387,000,  and  when  designe<l  for  lake 
business  only,  at  !fe.3G0,000.  The  daily  cost  of  maintenance  and  ojM'ra- 
tion,  including  5  per  cent  on  first  cost,  is,  in  the  first  case,  §331,  and 
in  the  second,  $404.  Such  a  vessel,  when  destined  for  lake  and  ocean 
business,  could  carry  a  full  cargo  from  Duluth  or  Chicago  to  New 
York,  and,  owing  to  the  additional  buoyancy  of  sea  water,  then  take 
on  all  the  coal  required  for  the  ocean  voyage  without  overloading. 

The  benefit  to  commerce  which  would  result  from  giving  access  to 
shipping  from  the  lakes  to  the  sea,  thus  rescuing  the  lake  fleet  from 
enforced  idleness  during  one-third  of  the  year,  would,  of  course,  be 
enormous  if  the  problem  of  constructing  a  vessel  economically  adapted 
to  both  kinds  of  service  can  be  satisfactorily  solved.  This  is  a  bene- 
fit which  is  peculiar  to  the  waterway,  aii<l  <'an  not  Ix'  d»Miv«'d  fiom 
the  extension  of  railway  facilities. 

It  is  further  stated  that  if  adeciuate  water  cominunicalion  with  the 
sea  were  provideil  a  great  industry  in  the  construction  of  iron  and 
steel  ships  would  be  immediately  developed  on  the  lakes.  This 
in<lustry  is  already  an  important  one,  no  less  than  1,258  vessels  hav- 
ing been  constructed  a1  tlw  lake  ports  dni-ing  the  last  ten  years;  but 
as  there  is  no  access  to  the  sea  for  vesstls  (»f  more  than  about  i;!  feet 
draft,  the  business  is  aluio'^i  fxclusively  eontiiuMl  lo  the  eonstrnetion 
of  ships  for  the  lake  serviee. 

It  is  claimed  that  nowhere  in  the  world  are  the  conditions  for  t  he 


270  DEEP    WATEEWAYS. 

economical  constnietion  of  steel  vessels  more  favorable  than  at  some 
of  the  lake  ports.  Cleveland,  for  example,  is  the  center  of  a  great 
steel  manufacture.  It  is  further  from  the  coke-producing  districts 
than  Pittsburg,  but  this  disadvantage  is  counterbalanced  b}'  its 
advantage  of  receiving  ores  by  direct  and  cheap  water  transportation. 
The  opening  of  a  deep  waterway  to  the  sea  would  enable  the  ship- 
yards of  the  lakes  to  compete  with  those  of  the  seacoast  in  the  con- 
struction of  vessels  for  the  ocean  traffic. 

Finally,  the  argument  has  often  been  advanced  that  a  deep  water- 
way connecting  the  lakes  with  the  sea  would  be  of  great  militarj^ 
value  in  connection  with  the  defense  of  the  northern  frontier  of  the 
country  Such  a  waterway-  would  enable  ships  of  war  to  pass  between 
the  sea  and  the  lakes,  and  it  would  also  permit  the  economical  con- 
struction of  such  vessels  at  the  lake  shipyards. 

The  preceding  brief  statement  of  commercial  and  transportation 
conditions  and  of  the  benefits  which  may  be  expected  to  result  from 
the  establishment  of  a  deep  waterway  from  the  lakes  to  the  sea  is 
intended  only  as  a  l)asis  for  tlie  comparison  of  the  relative  advantages 
and  disadvantages  of  the  21 -foot  and  ;50-f()ot  watei-ways.  Under  the 
provisions  of  law,  it  is  not  the  duty  of  tlie  Board  to  report  upon  the 
general  question  as  to  whether  the  requirements  of  commerce  justify 
the  construction  of  a  deep  waterway  at  the  expense  of  tlie  (ireneral 
Government  or  to  compai'e  tlie  advantages  of  such  a  waterway  with 
those  of  one  of  moderate  dimensions  requiring  transfers  of  fi-eight  at 
both  its  terminals.  Nevertheless,  before  making  the  comparison 
required  bylaw,  it  seems  desirable  to  invite  attention  to  two  imiiortant 
points. 

The  tii'st  point  is  that  if  any  project  is  undertaken  by  the  Govern- 
ment it  should  be  fully  adequate  to  the  present  and  futur.»  purposes 
which  it  is  intended  to  subserve.  It  has  been  remarked  by  a  distin- 
guished authority  that  the  life  of  any  public  work  is  practically 
coincident  with  that  of  the  generation  which  began  il.  This  is 
especially  true  in  a  country  like  our  own,  where  population  increases 
and  commerce  develops  with  amazing  rapidity.  The  reason  why  it  is 
true  is  because  in  the  construction  of  such  works  future  necessities 
are  almost  invariably  underestimated.  For  example,  the  first  canal 
and  locks  at  St.  Marys  Falls  were  completed  in  1855,  at  a  cost  of 
about  $1,000,000.  To  meet  the  necessities  of  the  increasing  traffic,  a 
new  and  much  larger  lock  and  canal  were  commenced  in  1870  and 
completed  in  188 1,  at  a  cost  of  $2,171,000.  This  was  soon  found  to 
be  insufficient  for  the  requirements  of  the  lake  navigation,  and  still 
another  and  larger  lock  was  commenced  in  1887  and  completed  in 
1896,  at  a  cost  of  about  $4,700,000.  The  volume  of  the  lake  traffic 
has  so  greatly  increased  that  at  the  present  time  the  construction  of 
a  new  lock  is  under  consideration.  In  1870  no  one  could  have  been 
bold  enough  to  suggest  the  construction  of  a  lock  of  the  size  and  cost 
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of  the  Poe  lock,  roeontly  comploted;  and  yet  if  such  a  lock  had  been 
theu  constructed  the  results  would  have  been  a  large  saving  to  the 
Government  and  a  great  benefit  to  the  commercial  interests  of  the 
lakes. 

It  is,  therefore,  of  the  highest  importance  that  any  waterway  con- 
structed by  the  Government  should  be  fully  capable  of  meeting  every 
possible  commercial  demand  which  may  arise  in  the  future.  A  lack 
of  capacity  foi-  future  commerce  might  necessitate  its  entire  recon- 
struction at  enornu)Us  cost,  and  require  an  adaptation  of  vessels  and 
traffic  to  new  conditions,  involving  great  loss  to  commercial  interests. 

The  second  [)oint  is  that  any  project  undertaken  by  the  Government 
should  be  of  a  national  and  not  of  a  local  character,  benefiting  nmny 
and  varied  commercial  interests  and  exerting  its  influence  over  as 
great  an  extent  of  the  country  as  possible.  It  is  easily  conceivable 
that  a  barge  canal  of  moderate  dimensions,  requiring  transfers  at 
Buffalo  and  New  A'ork,  might  be  of  more  direct  benefit  to  the  State  of 
New  York  tlum  a  canal  of  siitliciont  dimensions  for  the  uninterrupted 
passage  of  ships,  but  much  of  this  benefit  would  be  at  the  expense  of 
the  producers  and  shippers  of  other  jjarts  of  the  country.  Moreover, 
with  such  a  canal  the  large  interests  of  shipbuilding  and  winter  traffic 
for  the  lake  fieet  would  be  unpi'ovided  for. 

It  appears  from  the  investigations  of  the  Board  and  the  preceding 
discussion  that  the  most  favorable  route  for  a  30-foot  waterway  from 
the  lakes  to  the  sea  is  from  Lake  Erie  to  Lake  Ontario  via  La  Salle 
and  Lewiston,  and  from  Lake  Ontario  to  the  iiud.sou  River  via  Oswego 
and  the  Mohawk  Valley,  on  the  low-level  plan,  and  that  the  same 
route  is  practically  as  favorable  as  any  for  the  21 -foot  waterway. 
The  high-level  plan  gives  a  slightly-  greater  return  of  direct  value  than 
the  low-level  plan  for  both  the  21-foot  and  3()-foot  waterways;  but  the 
difference  is  insignificant,  and  the  Board  considers  the  low-level  plan 
preferable  for  engineering  reasons.  This  route  is  entirely  in  our  own 
country  and  has  a  longer  season  of  navigation  than  the  more  north- 
erly line.  The  problem  ol  its  defense  is,  of  course,  much  simpler  than 
it  would  be  were  a  part  of  it  in  a  foreign  country,  and  it  is  available 
as  a  line  of  communication  for  ships  of  war.  In  the  following  com- 
parison of  the  21-foot  and  ;50-foot  waterways  this  route  will  alone  be 
considered. 

Cost  of  constrifction. — The  .estimated  cost  of  the  21-foot  waterway 
is  8200,358,000;  the  estimated  cost  of  the  30-foot  waterway  is 
$317,2S4,0(t(i,  to  which  should  be  added  about  *D,»»07,500  for  the  neces- 
sary deepening  of  the  harbors  at  Duluth  and  Chicago,  making  the 
total  cost  §320,802,000. 

Cost  of  maintenance  and  operation. — The  annual  cost  of  mainte- 
nance and  operation  is  estimated  at  $2,280,181*  for  the  21-foot  water- 
way, and  >«2. >;>>.■),  1.">S  foi-  the  3()-fo<)t  waterway. 
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Cost  of  transport  proper. — The  theoretical  cost  of  moving  the  freight 
unit,  exclusive  of  toll,  from  one  terminal  to  the  other  on  the  lines 
considered,  is  given  in  the  following  table: 


21-foot  waterway. 

30-foot  waterway. 

Route. 

Domestic. 

Foreign. 

Domestic. 

Foreign. 

Total 

cost. 

Cost  per 
toil-mile. 

Total 
cost. 

Cost  per 
ton-mile. 

Total 
cost. 

Cost  per    Total 
ton  mile.     cost. 

Cost  per 
ton -mile. 

New  York  to— 

Duluth 

Cents. 
45.2 
42.3 

Mills. 

0.31 

.31 

Cents. 
70.2 
67.3 

Mills. 

0.48 

.49 

Cents. 
45.4 
42.7 

Mills.      Cents. 

0  31          40.9 

.31          38.2 

I 

Mills. 

0.28 

Chicago    

.28 

.310 

.48.5 

.310 

.280 

It  must  be  remembei'od  that  these  values  are  purely  theoretical,  and 
are  not  given  as  the  probable  freight  rates;  but  they  are  believed  to 
be  proportional  to  the  latter  and  may,  therefoi'e,  be  taken  as  relative 
measures  of  the  cost  of  transport  proper  for  the  waterways  compared. 

The  table  shows  that  the  cost  of  transport  proper  on  the  21.-foot 
waterway  is  the  same  for  domestic  traffic  as  on  the  30-foot  waterway. 
For  foreign  traffic  the  30-foot  waterway  shows  a  much  lower  cost  of 
transport  than  the  21 -foot  waterway. 

Traffic  capacity. — The  maximum  annual  traffic  capacity  of  the  21- 
foot  waterway  (when  the  single-lift  locks  are  duplicated)  is  estimated 
at  30,319,500  net  tons,  and  that  of  the  30-foot  waterway  at  3-1,003,000 
net  tons,  the  traffic  on  the  smaller  waterway  being  greater  than  that 
on  the  larger  one  owing  to  the  difference  in  time  expended  in  lockage. 

Speed. — The  average  speed  on  the  21-foot  waterway  is  10.07  miles 
per  hour.  The  average  speed  on  the  30-foot  waterway  is  10  miles  per 
hour. 

Adaptahilitij  to  traffic  conditions. — Our  vessel  No.  1,  which  is  the 
type  vessel  adopted  for  the  21-foot  waterway,  has  a  draft  of  19  feet, 
and  can  enter  all  the  important  lake  harbors  as  well  as  navigate  along 
the  seacoast.  It  is  therefore  much  better  adapted  to  domestic  traffic 
than  vessel  No.  7,  the  type  vessel  for  the  30-foot  waterway,  since  the 
latter  has  a  draft  of  27  feet  and  can  not  enter  the  lake  harbors.  The 
smaller  vessel  is  not  so  well  adapted  to  deep-sea  navigation  as  the 
larger  one. 

Regularity  of  service. — In  tlie  30-foot  watei-way  navigation  would 
be  freer,  and  for  smaller  vessels  a  little  more  rapid  than  in  the  21-foot 
waterway,  and  there  would  be  less  danger  of  delay  from  accidents  and 
crowding.  The  time  required  for  vessel  No.  1  to  make  a  single  trip 
from  Duluth  to  New  York  on  the  30-foot  waterway  is  six  days  and 
three  hours,  while  the  same  journey  on  the  21-foot  waterway  would 
require  two  hours  longer. 

Influence  on  railway  rates. — As  both  waterways  furnish  low  rates 
foi-  large  traffic  volumes,  there  seems  to  be  little  choice  between  them 
in  this  respect. 
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Oulhl  for  thr  l<ik(  Jhef.  —  Kvoii  should  a  .'{O-foot  \va1«*r\vay  bo  «'stab- 
lislied  b«»t\vo«'n  the  lakes  and  the  sea,  i1  is  i)r()bal)le  that  Uw  nin(d)er 
of  vessels  of  larjje  draft  in  the  lake  service  would  be  comparatively 
small,  sinco  such  vessels  couhl  not  enter  most  of  the  lake  harbors,  an<l 
^vould  bo  adapte<l  only  to  throuj^h  and  principally  for-eign  traflic.  The 
21-foct  waterway  would  therefore  be  practically  as  good  as  the  30-foot 
waterway  as  a  moans  of  access  to  the  sea  for  the  lake  fleet. 

Route  for  sliips  of  tcor. — In  the  very  improbable  event  of  a  war  with 
Great  Britain,  everj  large  ship  of  war  possessed  by  this  country  would 
be  required  on  the  high  sea.  Such  vessels  would  be  unnecessary  on 
the  lakes,  since  the  greatest  depth  of  the  Cana<lian  waterways  is  only 
14  feet.  For  purposes  of  naval  defense,  the  21-foot  waterway  appears 
to  offer  ample  facilities. 

Shqflnu'ldiiKj. — The  30- foot  waterway  would  enable  the  shipbuilders 
of  the  lakes  to  construct  seagoing  vessels  of  the  largest  size  both  for 
commercial  and  naval  purposes.  With  the  21-foot  waterway  this 
industry  must  be  restricted  to  the  construction  of  vessels  of  not  too 
great  dimensions  to  pass  the  locks. 

CONCLUSION. 

As  the  result  of  this  investigation,  it  appears  that  the  21 -foot  water- 
way promises  a  much  greater  return  of  value  relatively  to  its  cost  than 
the  30-foot  waterway.  The  main  advantages  of  the  30-foot  waterway 
are  that  it  would  furnish  the  lowest  cost  of  transport  proper  to  for- 
eign markets  and  permit  the  construction  of  tlio  largest  soairoiuir  ves- 
sels on  the  lakes. 

Respectfully  submitted. 

C.  W.  Raymond, 
Lieutenant- Colonely  Corps  of  Engineers. 

The  Board  of  Engineers  on  Deep  Waterways. 


Appendix  No.  O. 

lake  erie  regulation. 

The  act  of  Congress  providing  for  a  board  of  engineers  on  deep 
waterways  requires  that  surveys  and  examinations  he  made  on  which 
to  nuiture  a  project  for  controlling  the  lov«'l  of  Lake  Erie,  as  recom- 
mended by  the  report  of  the  Deep  Waterways  Commission,  transmitted 
by  the  President  to  Congress  January  IS,  1897.  In  compliance  with 
this  requirenu'ut,  I  have  the  honor  to  submit  for  the  consideration  of 
the  lM)ar(l  the  following  discussion  of  lake  levels,  with  plans  and  esti- 
mates of  cost  of  regulating  works  designed  for  the  purpose  of  main- 
taining the  level  of  Lake  Erie  near  its  high-water  stage  during  the 
navigation  season. 

II.  O-".    141» IS 
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The  regulation  of  the  level  of  a  lake  implies  the  maintenance  of  its 
surface  at  or  near  some  fixed  stage,  to  accomplish  which  the  discharge 
must  be  so  controlled  that  it  will  be  at  all  times  approximately  equal 
to  the  difference  between  the  supply  of  water  to  the  lake  and  the  evapo- 
ration from  the  surface. 

In  the  Great  Lakes  system  the  watershed  is  about  2.4  times  the  area 
of  the  lake  surfaces,  and  since  the  variation  in  the  annual  precipitation 
on  the  entire  basin  is  approximately  50  per  cent  of  the  rainfall  for  a 
minimum  j^ear,  and  as  the  per  cent  of  run-off  from  the  watershed 
increases  rapidly  with  increase  of  precipitation,  it  is  probable  that  the 
actual  supply  for  years  of  maximum  rainfall  is  more  than  double  that 
for  years  of  minimum  rainfall. 

The  surfaces  of  Lakes  Michigan  and  Huron  rise  and  fall  at  times  at 
the  rate  of  two-thirds  of  a  foot  per  month,  corresponding  to  a  change 
of  reservoir  supply  of  320,000  cubic  feet  per  second.  Assuming  the 
discharge  of  the  St.  Clair  River  to  be  190,000  cubic  feet  per  second 
at  the  time  that  these  changes  occur,'  it  is  evident  that  when  the  lakes 
are  rising  the  supply  at  times  exceeds  510,000  cubic  feet  per  second, 
and  when  falling  the  supply  becomes  130,000  cubic  feet  per  second 
less  than  the  evaporation  from  the  lake  surface,  making  the  actual 
supply  a  negative  quantity. 

It  is  apparent,  therefore,  that  with  the  evaporation  from  the  lake 
surfaces  at  times  largely  in  excess  of  total  supply — which  supply, 
including  evaporation,  has  a  range  of  over  600,000  cubic  feet  per 
second — any  attempt  to  maintain  the  level  of  Lakes  Huron  and 
Michigan  at  a  fixed  stage  would  necessarily  be  a  failure. 

The  storage  cajiacity  of  Lake  Superior  amounts  to  28,000  cubic  feet 
per  second  annually  for  each  foot  in  depth  on  the  lake  surface,  and 
since  the  time  of  maximum  discharge  into  Lake  Huron  is  that  when 
a  large  supply  is  necessary  for  the  maintenance  of  the  level  of  Lakes 
Huron  and  Michigan,  it  is  apparent  that  any  material  modification  of 
the  range  of  water  levels  of  Lake  Superior  would  be  an  injury  to  the 
entire  waterway  system,  and  therefore  the  natural  conditions  on  that 
lake  should  be  maintained. 

The  storage  of  water  in  Lakes  Superior,  Michigan,  and  Huron,  and 
the  consequent  fluctuations  of  the  levels  of  those  lakes,  is  absolutely 
essential  for  the  maintenance  of  a  flow  through  the  connecting  water- 
ways sufficiently  uniform  for  navigation  purposes.  While  absolute 
regulation  of  the  level  of  these  lakes  is  an  impossibility,  a  decrease  of 
the  fluctuations  may  be  permissible,  and  will  be  considered  elsewhere 
in  connection  with  the  indirect  efl'ect  of  the  regulation  of  the  level  of 
Lake  Erie  on  the  depths  of  connecting  waterways. 

iThe  discharge  of  the  St.  Clair  River  is  approximate,  but  is  probably  about 
190,000  cubic  feet  per  second  for  mean  stages  of  Lakes  Huron  and  St.  Clair.  The 
volume  of  discharge  depends  upon  the  level  of  both  Lake  Huron  and  Lake  St. 
Clair,  and  is  not  constant  for  a  given  stage  of  the  former. 


DKKI'     WATKUVVAVS.  L'  .  •> 

Tilt'  lar^j'  Jiivas  of  t  he  water  surfaces  of  t  Iw  iippei-  lakes  s<'rv«>  as  stoi-- 
age  reservoirs  during  years  of  surplus  rainfall  «»n  th«;  lake  basins,  from 
which  it  is  gradually  discharged  tlirough  the  outlets  during  yeai-s  of 
less  than  average  precipitation.  A  variation  in  hn'el  of  1  foot  for 
Lakes  Siiperior,  Huron,  and  Michigan  is  equivalent  to  a  change  in 
actual  supply  of  G8,;i(K^  cubic  feet  per  second  for  an  entire  year.  The 
average  rainfall  on  the  lake  basins  tributaiy  to  Lake  Erie  is  31.04 
inches  ]>er  year,  and  is  equivalent  to  018,000  cubic  feet  per  second  for 
the  same  period,  of  which,  appro.ximately,  o40,0(M)  cul)ic  feet  per 
second  either  falls  on  or  flows,  into  the  lakes,  and  278,000  is  either 
absorbed  into  the  land  on  which  it  falls  or  is  evaporated  from  vegeta- 
tion and  surfaces  of  ponds,  streams,  and  nmrshes.  About  120,000 
cubic  feet  per  second  of  the  average  annual  supply  to  the  lake  reser- 
voir system  is  taken  up  by  evapoi-ation  and  220, 0(K)  cubic  feet  per 
second  discharged  through  the  Niagara  River. 

The  run-olT  and  evaporation  are  appro.ximate  quantities  and  are 
based  on  the  result  of  observations  made  where  the  conditions  were 
somewhat  similar  to  those  of  the  lake  basin.  So  far  as  this  discussion 
is  concerned,  a  knowledge  of  the  absolute  values  of  these  quantities  is 
not  necessary,  as  the  relation  of  net  supply  and  storage  to  the  flow 
through  the  connecting  waterways  is  so  apparent  that  the  approximate 
values  used  are  sufficiently  accurate  to  show  the  limits  within  which 
the  storage  capacity  of  the  reservoir  system  may  be  modified  without 
material  injury  to  the  navigable  channels.  The  evaporation  is  to  a 
great  extent  a  function  of  the  temperature  of  the  air  and  water,  and 
of  the.  force  of  the  wind,  and  may  differ  materially  from  results 
obtained  at  experimental  ()bservati<)n  stations. 

The  Rochester  observations  indicate  that  the  evaporation  for  I^ake 
Erie  is  probably  30  to  3G  inches  annually,  while  on  Lake  Superior  the 
best  data  available  indicates  that  the  evaporation  is  less  than  one-half 
this  amount. 

The  amount  of  water  which  the  groun<l  of  any  given  watershed  will 
absorb  is  about  the  same  for  each  year,  provided  the  supply  is  ade- 
quate, and  therefore  the  run-off  from  watershed  is  a  function  of  the 
difference  l)etween  the  precipitation  and  the  amount  absorbed,  and 
not  a  direct  percentage  of  the  average  rainfall  for  a  series  of  yeai-s. 

The  annual  precipitation  on  the  Lakes  Huron-Michigan  basin  varies 
from  27  to  40  inches,  while  the  average  absorption  on  the  watershed 
is  about  22  inches,  from  which  it  will  })e  seen  that  the  run-off  during 
a  wet  year  might  be  from  two  to  three  times  that  for  a  diy  year,  or  a 
volume  equivalent  to  over  3  feet  in  depth  on  the  entire  lake  surfaces. 
This  supply  will  not,  however,  produce  a-  rise  of  3  feet,  for  the  reason 
that  the  volume  of  discharge  tlirough  the  outlets  increases  i-apidly 
with  increase  of  stage  in  the  lakes.  Tlie  maximum  change  of  stage 
for  any  one  year  on  Lakes  Sui)erior,  Michigan,  Huron,  and  Erie  does 
not  exceed  2.25  feet,  while  the  extr-'in.'  i-liMMLre  durinir  mmv  s.^ri-x  of 
years  is  alK)ut  twice  that  amount. 
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This  extreme  change  of  level  fixes  the  maximum  stage  necessary 
for  taking  care  of  the  flood  waters  of  the  lake  basins  during  a  series 
of  wet  years,  and  the  minimum  limit  which  can  be  fixed  for  the  fluctua- 
tion of  any  lake  is  that  which  will  permit  sufficient  storage  to  insure 
an  adequate  flow  for  navigation  through  the  connecting  waterway 
during  any  series  of  dry  years  which  are  likely  to  occur. 

The  following  table  gives  the  area  of  the  surfaces  of  the  Great  Lakes 
and  watersheds,  as  determined  by  the  best  authorities: 


Lake- 


Authority. 


L.Y.Scher- 
merborn. 


Superior  . 
Michigan . 

Huron 

St.  Clair  .. 

Erie 

Ontario.. 


Sq.  miles. 
31,2<K) 
22,4.5(1 

2S,>m 


9,9«j() 
7,240 


L.  E.  Cooley. 


S(j.  miles. 
31,  WX) 
22. 4(10 
2:{.2()0 
495 
10,000 
7,450 


T.  Russell. 


Area  of 
watershed. 


Sq.  itiiles. 

32,060 

32.;«6 

32,978 

503 

9.908 

7,243 


Sq.  miles. 

48,(i00 
45, 700 
52. 100 
t).  -m 
24.480 
25,530 


The  values  given  by  Mr.  Cooley  have  been  used  in  this  discussion 
with  the  exception  of  that  for  Lake  Erie,  the  area  of  which  has  been 
redetermined  in  this  office  and  found  to  be  9,932  .square  miles. 

The  average  annual  rainfall  on  the  lake  basins,  as  furnished  by  the 
United  States  Weather  Bureau,  is  as  follows: 

Inches. 

Lake  Superior 28 

Lake  Michigan 33 

Lake  Huron . ...._. 32 

Lake  St.  Clair .  _ 35 

Lake  Erie .   . 36 

Lake  Ontario _ 33 

Assuming  the  run-off'  from  the  watersheds  for  a  year  of  average 
precipitation  to  be  42  per  cent  for  Lake  Superior  and  33  per  cent  for 
Lakes  Michigan,  Huron,  and  Erie,  the  distribution  of  the  flow  through 
the  waterway  system  will  be,  approximately,  as  follows: 

Lake  Superior  (area  of  watershed  1.53  times  area  of  lake  surface):      Depth  on  lake. 

Rainfall  on  lake  surface .   feet. .  2. 33 

Run-off  from  watershed do...  1.50 

Total  supply do...  3. 83 

Evaporation  from  lake  surface do...  1.25 

Discharge  through  St.  Marys  River  (72,000  cubic  feet  per  second) .  .do. . .  2. 58 

Total do...  3.83 

Lakes  Michigan  and  Huron  (area  of  watershed  2.15  times  the  area  of  lake  surfaces) : 

Depth  on  lakes. 

Rainfall  on  lake  surfaces feet..     2.7 

Run-off  from  watershed ..do...     I.9 

Inflow  from  St.  Marys  River  (72,000  cubic  feet  per  second) do. . .     1.8 

Total  supply ..do...  6.4 
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Liiki'n  Michiijdti  niid  Huron — Continued.  ' '.pth  on  Ittkes. 

Evaporation  from  lake  surfaces  ..  , .  feet..     1.7 

Discharge  through  St.  Chiir  River  (190,000  cubic  feet  per  second; .  .do. . .     4. 7 

Total    

Lakr  Erie  (area  of  watershed  :2.4(i  times  area  of  lake  surface;:  Depth ou lake. 

Rainfall  on  lake  surface feet..     3.0 

Run-off  from  watershed.. do 2.5 

Inflow  from  Detroit  River  (IQ.l.OOO  cubic  feet  per  aecond)  . do...  22.2 

Total  supply do...  27.7 

Evaporation  from  lake  surface do. . .     2.6 

Discharge  through  Niagara  River  (220,000  cubic  feet  per  second).. do...  25.1 


Total      do. 


27.7 


The  variation  in  tlie  annual  rainfall  on  the  lake  system  amounts  to 
12  inches  over  the  entire  l)asin  and  is  eciuivalent  to  a  depth  of  '27  feet 
over  the  surface  of  Lake  Erie,  whereas  the  maximum  storaj^e  which 
has  occurred  in  any  one  year  on  Lake  Erie  only  amounted  to  2.16  feet 
in  depth,  ^^ith  an  averai;e  of  1.17  feet,  or  less  than  5  per  cent  of  the 
mean  discharge  of  the  Niagara  River,  and  only  one  twenty-third  of 
the  total  variation  of  the  annual  rainfall  on  the  drainage  basin  tribu- 
tary to  the  lake. 

EFFECT   ON   LEVEL   OF   LAKE   ONTARIO   AND   ST.  LAWRENCE   RIVER. 

To  regulate  the  level  of  Lake  Erie  so  as  to  maintain  its  surface  near 
some  fixed  plane  of  reference  will  require  such  control  of  the  outflow 
through  Niagara  River  that  the  storage  which  would  naturally  occur 
ill  the  lake  will  be  (iischarge<l  dui-ingthe  first  half/)f  the  year  and  the 
outflow  be  diminished  a  like  amount  during  the  last  half  of  the  year. 
This  modification  of  outflow  will  not  materially  change  the  total  vol- 
ume of  discharge  for  any  entire  year,  and  will  amount  to  only  one-fifth 
of  the  variation  of  discharge  of  the  river  for  difierent  years  under 
present  conditions. 

The  effect  of  this  mo<lifi('ation  of  flow  through  Niagara  River  on  the 
level  of  Lake  Ontario  will  be  to  slightly  increase  the  rate  of  rise  in 
the  spring  and  make  the  date  of  maximum  stage  a  little  earlier. 

No  reliable  data  exist  from  which  the  increment  of  discharge  of  the 
St.  Lawrence  River  for  1-foot  change  of  stage  can  be  determined,  but 
since  the  average  annual  fluctuation  of  the  lake  is  30  percent  greater 
than  for  Lake  Erie,  while  the  area  of  surface  is  only  2^  per  cent  le.ss 
than  that  of  Lake  Erie,  it  is  evident  the  increment  for  the  St.  Law- 
rence does  not  differ  much  from  timt  of  the  Niagara,  a  condition  which 
would  have  a  tendency  t<>  make  any  diaugc  of  levels  dm'  to  modified 
inflow  verv  small. 
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The  following  table  shows  the  stage  and  rise  of  Lake  Ontario  from 
January  to  June,  and  the  inflow  from  Niagara  River  each  year  since 

1805:1 


Elevation  in— 

Average 

inflow 
from  Niag- 

Elevation in— 

1  Average 
1     inflow 
from  N  lag- 

Year. 

Ri.se. 

ara  River. 

Year. 

Rise.  1  ara  River, 

January. 

June. 

January  to 
July,  per 

January. 

June. 

i January  to 
!  July,  per 

second. 

Feet. 

second. 

Feet. 

Feet.  ■ 

Feet. 

Cubic  feet. 

Feet. 

Feet. 

Cubicfeet. 

18a5 

t'47.17 

247. 75 

0.58 

212,388 

1882 

245.82 

247.62 

1.80            245.7.58 

IWM) 

5.55 

6.01 

.46 

212,818 

1883 

5.41 

7.58 

2.17            227,  .523 

18K7 

6.04 

8.57 

2  53 

222,805 

1884 

6.60 

8.18 

1.58            243,;J56 

1«J8 

i.m 

6.63 

2.03 

2(18,909 

1885  ...... 

6.2:} 

7.53 

l.:»            223,576 

lC6!t 

5.31 

7.  (Hi 

1.75 

212,885 

188(i 

7.69 

8.53 

.84            2;»,381 

1»70 

7.35 

8.72 

1.37 

237,676 

1887 

6.26 

8.25 

1.99  1          245,243 

1871 

6. 15 

7.15 

1.00 

224,819 

1888 

.5.53 

6.37 

.84  i         217,906 

1872 

4.82 

5.;j8 

.m 

197,013 

,  1889 

.5.71 

6.72 

1.01  i          214,043 

1^73 

4.40 

7.01 

2.61 

308,451 

1890 

6.:m 

8.25 

1.91 

2:12,920 

1874 

6.44 

7.a5 

.91 

Zii.Wii 

1891 

6.28 

6.92 

.64 

216,876 

1875 

4.82 

5.96 

1.14 

»H.:W> 

18St2 

4.60 

5.90 

1.30 

202,288 

1876 

5.40 

8.;3» 

2.  S.9 

247,328 

189{ 

4.96 

7.46 

2.  .50 

207,470 

1877 

5.98 

6.  .52 

.54 

223.787 

1894 

.5.65 

6.89 

1.24  j         208,.594 

1878 

5.57 

7.06 

1.49 

237,887 

1895 

4.  .58 

4.97 

.39  !          189,048 

187!t 

6.80 

6.«2 

.02 

230,832 

1896 

3.89 

.5.43 

1..54  i          189,141 

im) 

5  41 

6.60 

1.19 

2. '5, 757 

1897 

3.97 

.5.71 

1.74            a«.471 

1881 

4.8:1 

6.30 

1.47 

216,(64 

1898 

4.73 

6.22 

1,49            211,834 

Comparing  the  water  level  of  Lake  Erie  for  1876  with  that  for  1805, 
it  will  be  seen  from  table  on  page  287  that  the  actual  supply  to  Lake 
Eric  varies  by  50  per  cent  of  that  for  a  minimum  year,  and  that  the 
discharge  of  the  Niagara  River  varies  30  per  cent  for  extreme  stages 
of  the  lake.  If  an  absolute  variation  of  30  per  cent  of  the  supply  to 
Lake  Ontario  from  the  Niagara  River  does  not  produce  any  serious 
results,  a  ciiange  of  5  per  cent  of  the  flow  from  the  flrst  to  the  last 
half  of  the  year  would  certainly  have  no  material  effect  on  depth  of 
waterways. 

On  plate  81  a  curve  showing  the  level  of  Lake  Ontario  since  1865 
has  been  iilatted  from  the  monthly  mean  elevations  of  tlie  lake,  and 
another  curv^e  showing  the  monthly  inflow  from  the  Niagara  River,  in 
which  the  unit  of  the  oi'di nates  represent  the  number  of  cubic  feet  per 
second  necessary  to  raise  the  level  of  the  lake  1  foot  in  one  month. 

Assuming  the  discharge  through  tlie  Niagara  and  St.  Lawrence 
rivers  at  any  given  time  to  be  approximately  the  same,  the  monthly 
difference  of  ordinates  of  Niagara  di.scharge  curve  will  represent  the 
effect  of  the  change  of  volume  of  inflow  on  the  level  of  the  lake,  and 
the  difference  in  the  ordinates  of  the  two  curves  will  represent  the 
excess  of  local  supply  over  evaporation  when  the  lake  is  rising,  and 
the  excess  of  evaporation  over  local  supply  when  the  lake  is  falling. 
It  is  very  evident,  both  from  table  and  from  the  curves,  that  any  small 
modification  of  the  flow  of  the  Niagara  which  does  not  materially 
increase  or  diminish  the  total  annual  discharge  through  the  river  can 
not  affect  the  depths  of  the  Lake  Ontario  and  St.  Lawrence  River 
waterways  to  any  material  extent. 


'AH  elevations  given  in  this  report  are  referred  to  mean  tide  at  New  York  and 
are  based  on  the  elevation  of  bench  mark  atGreenbnsh,  N.  Y.,  which  is  14.73  feet. 
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If  it  should  1k'  foiiiKl  (lesiruhl*'  l<>  control  tho  discharj^o  ol"  llu'  St, 
LawreiuM'  lilvci-  within  sucli  limits  as  to  iv<liK'e  the  fliu'tuatioii  of  5.5 
feet  on  Lake  Ontario,  under  present  conditions,  to  one-half  that 
amount  or  less,  it  can  he  easily  ami  cheaply  accomplished  by  rej^u- 
lating  works  at  the  head  of  the  Galop  Rai)i<ls. 

The  St.  Lawren(*e  River  above  the  (iralop  Rapids  is  of  large  cross- 
section  and  has  nearly  the  same  slope  for  all  staj;es  of  the  river. 

At  the  head  of  (ialo})  Island  the  river  sejjarates  into  two  main 
channels,  with  heavy  rapids  in  each.  The  channel  on  the  north  si<le 
of  the  river  can  be  enlarjxed  at  the  head  of  the  rapids  and  provided 
with  regu lat in jj  works,  which  would  j;reatly  reduce  the  annual  fluctu- 
ation of  the  lake  levels. 

The  physical  features  and  conditions  at  this  local ii,\  ;ii«'  discussed 
in  report  on  the- St.  Lawrence  River  surveys. 

EFFECT    ON    THK    (t»NNECTIX<:    W  ATI.  i;\\  A  N  S    mF    m  K    rri'KK    LAKES. 

The  effect  on  the  Lake  Ontario  and  St.  Lawrence  River  waterways 
which  would  arise  from  the  control  of  the  outflow  of  the  Niaj^ara 
River  would  be  practically  that  due  to  distributing;  about  5  jH'r  cent 
of  the  inflow  ivom  the  Niagara  River  over  a  different  portion  of  the 
year  than  under  natural  conditions,  but  the  effect  of  Lake  Erie  regu- 
lation on  levels  of  Lake  Michigan,  Lake  Huron,  St.  Clair  and  Detroit 
rivers  will  be  of  an  entirely  different  nature,  arising  from  the  fact 
that  the  low-water  levels  will  be  pernumentlj'  raised,  the  river  slopes 
decreased  for  any  given  volume  of  discharge,  and  a  redistribution  of 
the  flow  due  to  a  greater  variation  of  the  St.  Clair  River  slopes  than 
those  arising  from  tlie  natural  change  of  lake  levels. 

The  average  annual  fluctuation  of  Lake  Erie  is  greater  than  that  of 
Lake  Huron,  and  consecfuently  the  slope  of  the  connecting  waterway 
is  greater  for  the  low- water  stages  of  the  lakes  than  at  high  stages,  a 
condition, causing  a  greater  low-water  discharge  and  a  smaller  high- 
water  discharge,  through  the  St.  Clair  and  Detroit  rivei-s,  than  would 
be  the  case  with  the  surface  of  Lake  Erie  i-cgulated  at  some  fixed 
elevation. 

During  the  season  of  navigation  the  fall  of  the  >t.  <.  iair  anil  Detroit 
rivers  has  an  average  annual  variation  of  less  than  O.oO  foot  each,  with 
a  total  variation  between  Lake  Huron  and  Lake  Erie  of  about  1  foot, 
from  which  it  is  apparent  that  the  variation  of  the  outflow  from  Lake 
Huron  is  largely  a  function  of  tlie  <'lian<re  in  area  of  cross-section 
of  outlet,  due  to  change  of  stage. 

During  the  winter  .season  the  freezing  uver  ol  liic  M.  (.lair  Kiver 
diminishes  the  flow  into  Lake  St.  Clair  to  such  anextentthat  the  level 
of  that  lake  usually  falls  considerably  with  reference  to  botli  Lake 
Huron  and  Lake  Erie,  nuiking  an  abnormally  steep  slope  in  the  St. 
Clair  and  a  very  low  slope  in  the  Detroit  River.     (See  plate  S:j.) 
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Previous  to  188G  the  average  fall  from  J^ake  Huron  to  Lake  Erie 
was  9.2  feet,  after  which  date  the  slope  gradually  diminished  until 
1890,  since  which  time  it  has  had  an  average  of  8. 3  feet.  This  decrease 
of  sloj^e  was  caused  by  the  deepening  of  the  river  channels  at  the 
St.  Clair  Flats  and  at  the  Limekiln  Crossing  by  the  Government,  and 
by  the  great  increase  from  natural  causes  in  depth  and  cross-section 
of  the  St.  Clair  River  through  the  rapids  at  the  outlet  of  Lake  Huron. 

A  survey  made  at  the  request  of  this  board  in  December,  lS\i8,  by 
a  party  under  tlie  direction  of  Lieut.  Col.  G.  J.  Lj'decker,  Corps  of 
Engineers,  United  States  Army,  shows  that  the  gorge  at  the  head  of 
the  river  now  has  a  central  depth  of  66  feet  and  a  cross-section 
of  36,000  square  feet,  whereas  at  the  date  of  previous  survey,  in  1867, 
the  central  depth  was  only  48  feet  and  tlie  cross-section  30,000  square 
feet.  While  there  are  no  records  to  show  when  the  deepening  of 
channel  through  the  rapids  occurred,  a  study  of  tlu^  water  levels  and 
slojje  curves  shown  on  plate  83  indicates  that  the  erosion  was  jirobably 
started  in  the  spring  of  1886  by  the  abnormal  fall  (7.5  feet)  of  the  St. 
Clair  River  at  that  time. 

The  average  fall  of  the  surfaces  of  the  rivei-s  previous  io  1S86  and 
since  1889  was  as  follows : 


St.  Clair 
River. 

Detroit 

River  and 

St.  Clair 

Flats  Canal. 

1873  to  1886 '. 

Feet. 
5.7 

Feet. 

3.5 

1889  to  1898 

5. 0  1                 3  3 

Decrease  iu  slope 

-                       ., 

It  is  j)robable  the  0.7-foot  decrease  of  slope  in  the  St.  Clair  is  due  to 
the  change  of  cross-section  through  the  rapids  at  the  head  of  the  river, 
and  that  the  0.2-foot  change  of  slope  in  the  Detroit  River  and  St.  Claii* 
Flats  is  due  to  the  increased  depth  of  channels  from  Government 
improvements. 

To  determine  what  the  effect  of  change  of  stage  in  Lakes  Huron  and 
Erie  has  upon  the  slopes  of  the  connecting  waterway  a  line  of  precise 
levels  was  run,  under  the  direction  of  this  board,  from  Lake  Erie  to 
Lake  Huron,  and  connections  made  with  15  different  gauges  at  critical 
points  on  the  rivers,  which  were  read  simultaneously  for  a  week  at 
•two  different  periods,  when  the  stage  of  the  lakes  liad  a  dift'erenee  of 
0.66  foot. 

The  profiles  of  these  slopes  are  shown  on  plate  82,  which,  in  connec- 
tion with  curve  of  the  monthly  mean  slopes  of  the  Detroit  and  St.  Clair 
rivers  from  1873  to  1898,  shown  on  plate  83  indicate  that  if  the  low- water 
stage  of  Lake  Erie  be  raised  and  maintained  3  feet  above  its  natural 
elevation  the  corresponding  low-water  stage  of  Lake  St.  Clair  would 
be  raised  2  feet  and  that  of  Lake  Huron  1  foot,  making  the  resulting 
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low  ^ii^,^^■  ini'  l.uke.s  IIiu'oii  iin<l  Micliipui  a)>{)i<»\iiiial<'ly  wliui  ii  vvu.s 
befoH'  boinj;  lowcivd  I)}'  the  deopcnin^  of  th«*  liver  channels.  A  rise 
of  0.00  foot  in  both  Lake  Huron  and  Lake  Erie  i)r<)<hiee<l  O.oO-foot 
rise  in  Lake  St.  Clair,  witli  a  lartr<'!>'  inci-fas^Ml  voIhiih'  of  (|!v..-l,;ii-_'-»> 
throujjh  the  waterway. 

If  tlie  chanjjjeof  level  in  Lake  St.  Clair  luid  l)e<Mi  ])roduc«Ml  by  laisiug 
tlie  level  of  Lake  Erie  without  chanjfing  the  volume  of  flow,  the  sur- 
face of  the  former  would  have  been  raised  only  0,45  foot,  or  a  ehanj^e 
of  3  feet  in  the  level  of  Lake  Erie  by  re<;ulation  will  raise  the  level  of 
Lake  St.  Clair  2  feet.  An  increase  of  3  feet  in  the  low-water  level  of 
Lake  Erie  would  wipe  out  the  entire  fall  now  existinjj:  in  the  Detroit 
River  for  that  stajre,  and  the  level  of  Lake  St.  Clair  would  rise  until 
the  slope  and  cross-section  of  the  Detroit  River  was  sufficient  to  main- 
tain the  low-water  discharge,  which  existing  data  indicate  would  be 
about  2  feet. 

If  the  low-water  stage  of  Lake  St.  Clair  should  be  increased  2  feet, 
the  flow  of  the  St.  Clair  River  would  be  diminished  to  such  an  extent 
that  Lake  Huj-on  would  rise  1  foot  before  the  normal  low-water  flow 
would  be  esta])lished. 

The  increase  of  the  cross  section  of  the  Detroit  River  for  the  I'egu- 
lated  stage  over  that  at  its  natural  low- water  stage  would  be  such  that 
two-thirds  of  the  low-water  slope  would  be  sufficient  to  produce  approx- 
imately the  same  volume  of  flow  in  each  case.  The  total  variation  of 
slope  would  still  be  about  1  foot,  as  under  present  conditions,  and 
would  limit  the  fluctuation  of  Lake  St.  Clair  to  the  same  amount. 

The  total  variation  of  the  slope  of  the  St.  Clair  River  when  not 
affected  by  ice  is  about  1  foot,  and  since  the  cross  section  of  the  pi-o- 
posed  regulated  waterway  would  be  greater  than  at  the  natural  low- 
water  stage,  it  is  safe  to  assume  that  the  slopes  necessary  to  produce 
the  same  annual  volumes  of  discharge  as  in  the  past  will  be  less,  and 
taken  in  connection  with  the  fact  that  Lake  St.  Clair  will  have  a  fluc- 
tuation of  about  1  foot,  would  indicate  that  the  levels  of  Lakes  Michi- 
gan and  Huron  will  seldom  have  a  variation  of  2  feet,  except  in  years 
of  excessive  rainfall  on  the  lake  basin,  when  the  natural  high-water 
stage  would  likely  be  reached.  But  sin<*e  the  deepening  of  the  chan- 
nels of  the  Detroit  and  St.  Clair  rivers  has  permanently  lowered  the 
levels  of  Lakes  Huron  and  Michigan  by  about  1  foot  for  all  similar 
conditions  of  supply  and  discharge,  the  high-water  stage  of  those  lakes 
for  the  future  will  be  at  least  a  foot  lower  than  for  similar  seasons 
previous  to  1890.  The  regulation  of  Lake  Erie  will,  thei-efore,  raise 
the  present  low-water  stage  of  Lakes  Michigan  and  Huron  by  about  1 
foot  and  diminish  the  fluctuation  of  the  levels  the  same  amount. 

The  slope  of  the  St.  Clair  River  and  the  resulting  discharge  will  be 
less  in  winter  under  the  proposed  con<litions  than  at  present.  This, 
however,  only  applies  to  the  ice  jM^riod  on  the  St.  Clair  River. 

Under  present   conditions  the  slope  of  the  waterway  from  Lake 
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Huron  to  Lake  Erie  decreases  slijjhtly  as  the  lakes  rise  but  with  the 
level  of  Lake  Erie  maintained  at  a  fixed  stage  the  slope  would  vary 
with  the  stage  of  water  in  Lake  Huron,  and  consequently  the  discharge 
would  become  a  function  of  the  hydraulic  head  at  the  outlet  of  the  lake, 
a  condition  requisite  for  taking  care  of  a  maximum  variation  of  supply 
to  the  lake  reservoirs  with  a  minimum  fluctuation  of  the  surfaces. 

The  area  of  Lake  Erie  is  so  small  compared  with  that  of  Lakes 
Superior,  Huron,  and  Michigan  that  its  reservoir  capacity  is  only  one- 
nintli  that  of  the  upper  lake  system  and  if  eliminated  from  the  system 
by  regulation  the  storage  capacity  remaining  would  be  ample  to  main- 
tain the  connecting  waterways  so  that  the  low- water  stages  would 
always  be  3  feet  higher  in  Lake  Erie,  2  feet  in  Lake  St.  Clair,  and  1 
foot  in  Lake  Huron  than  it  is  under  the  pi-esent  conditions. 

If  the  channel  from  Lake  Huron  to  Lake  Erie  should  be  made  30  feet 
deep,  the  cross  section  of  the  waterway  would  be  increased  <!00  square 
feet  at  the  shallow  places  for  each  foot  in  depth  that  the  channel  is 
deepened  at  the  respective  shoals,  which  would  decrease  the  slope 
requisite  for  any  given  volume  of  flow  and  slisrhtly  lower  the  low- 
water  plane  for  both  Lake  Huron  and  Lake  St.  Clair. 

The  portion  of  the  waterway  over  which  this  improvement  would  be 
distributed  is  comparatively  short,  and  the  total  reduction  of  fall 
between  the  two  lakes  would  probably  be  less  than  0.:5  foot,  but  is  not 
susceptible  of  exact  determination. 

REGULATION   OF   LAKE   ERIE. 

To  determine  the  limits  within  winch  the  level  of  Lake  Erie  is  sus- 
ceptible of  being  controlled  by  properlj' constructed  regulating  works, 
the  Board  has  caused  careful  surveys  and  examinations  to  be  made 
to  determine  the  topography,  hydrography,  and  character  of  material 
on  which  structures  would  have  to  be  founded  at  foot  of  the  lake  and 
in  the  head  of  Niagara  River,  and  a  long  series  of  observations  to 
establish  law  of  flow  for  the  discharge  through  Niagara  River  for  dif- 
ferent stages  of  the  lake.  A  series  of  obser\'ations  has  also  been  made 
for  the  board  at  the  hydraulic  laboratory  of  Cornell  University,  by 
Prof.  Gardner  S.  Williams,  to  determine  the  coefficients  of  the  formula 
for  discharge  over  submerged  weirs  when  the  depth  of  water  on  crest 
of  weir  was  greater  than  that  for  which  the  coefficients  have  heretofore 
been  determined. 

The  two  different  plans  which  have  been  generally  advocated  for 
controlling  the  levels  of  the  lakes  are,  to  construct  a  dam,  with  regu- 
lating sluices,  across  the  Niagara  River  below  Tonawanda,  N.  Y.,  or 
to  construct  a  submerged  weir  in  connection  with  a  set  of  regulating 
sluices  at  the  foot  of  the  lake,  just  below  Buffalo  Harbor. 

A  preliminary  study  of  the  problem  and  estimate  of  cost  of  regulat- 
ing works,  based  on  these  surveys  and  examinations,  developed  the  fact 
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that  the  first  of  these  pUins  wouhl  nMiuin*  an  cxiHiUsive  dam  with  Un-k 
and  waste  weirs  in  the  Niagara  River  on  each  side  of  Grand  IsUiTid,  the 
excavation  of  over  5,000,000  cubic  yards  of  material  in  the  head  of  the 
river,  the  purchase  of  at  least  ♦.■J,0<M»,(K>0  wortli  of  property  whi<-li 
woukl  be  ruined  by  tlie  works  and  high  water  aU>ng  the  river  front, 
and  the  construction  of  several  miles  of  dikes  to  safely  maintain  the 
impounded  watei-  above  the  level  of  adjacent  country.  The  distance 
from  Lake  Erie  to  the  site  where  dam  would  have  to  be  constructed  is 
12  miles,  on  which  the  high-water  slope  of  the  river  is  about  8.5  feet. 
With  the  river  improved  by  regulating  works  and  enlarged  cross 
section  of  channel  through  the  gorge,  this  high- water  slope  wouUl  be 
reduced  to  about  2.5  feet  and  the  low-water  slope  to  l.o  feet,  making 
the  fluctuation  of  the  lake  due  to  change  of  slope  in  river  for  different 
volumes  of  discharge  approximately  1  foot,  which  would  be  increased 
0.5  foot  b}^  change  in  velocity  head  at  foot  of  lake,  or  a  total  probal)le 
fluctuation  of  1.5  feet  when  the  discharge  of  river  is  controlled  by 
regulating  works  for  maintaining  the  livei*  at  a  fixed  stage  at  a  juMnt 
12  miles  below  outlet  of  lake. 

The  total  cost  of  the  project,  including  damages  and  the  n»Me»ary 
drainage  channel  for  taking  care  of  Tonawanda  Ci-eek  and  the  water 
from  adjacent  country,  would  be  over  |iI2,0()0,(M)0,  which,  with  the 
fact  that  the  lake  would  still  have  considerable  fluctuation,  practically 
eliminates  all  chances  of  the  plan  receiving  favorable  consideration. 

If  a  deep  waterway  should  ever  1m>  constructed  from  Lake  Erie  to 
Lake  Ontario  via  the  Tonawanda-Olcott  route,  the  improvement  of 
the  river  by  regulating  works  below  Tonawanda  would  diminish  the 
cost  of  tlie  canal  about  *t),(X)0,(H)0,  whicli  would  still  leave  a  balance 
of  $0,000,000  chargeable  to  the  project. 

Regulation  of  the  lake  levels  by  means  of  controlling  works  in  the 
foot  of  Lake  Erie  will  requii'e  either  a  submerged  weir  of  such  length 
that  the  change  of  discharge  over  crest  of  weir,  due  to  a  few  inches 
variation  of  stage  of  lake,  will  be  equivalent  to  a  variation  of  outflow 
through  the  gorge  at  the  head  of  the  river  due  to  3-foot  change  in 
depth  of  river,  or  a  short  sul)merge(l  weir  in  connection  with  a  .set  of 
regulating  sluices  so  designed  that,  with  the  sluice  gates  all  closed,  the 
low- water  flow  for  the  regulated  stage  of  the  lake  will  l)e  discharged 
over  the  fixed  submerged  weir,  and  with  the  sluice  gates  all  open  the 
additional  volume  of  outflow  necessary  to  nuiintain  the  lake  at  nearly 
the  same  level  will  pass  through  the  sluices  at  times  when  the  lake  is 
receiving  its  maximum  supply. 

The  surveys  and  examinations  indicate  that  a  eomi)inati<)n  ot  a  lixed 
weir  an<l  regulating  sluices  is  better  adapt e<l  for  an  economical  an<l 
complete  control  of  the  lake  level  than  by  means  of  a  fi.xed  weir,  and 
the  plans  and  estimates  submitted  are  for  such  a  project. 

In  order  to  i)i-operly  proportion  tlu'  height  of  the  weir  and  the  width 
of  sluices,  and  determine  limits  within  wliich  such  works  will  <'ontrol 


284 


DEEP   WATERWAYS. 


the  level  of  the  lake,  the  observations  for  determining  the  volume  of 
discharge  of  the  Niagara  River  were  made  for  as  many  dijfferent 
stages  of  the  lake  level  as  possible,  and  the  following  equation  estab- 
lished, showing  the  outflow  for  any  given  elevation  of  the  lake,  viz, 
Q=168, 812+ 17,7(32  ?/+ 1,409  if. 

In  which  Q=the  volume  of  discharge  and  7/  =  the  elevation  of  the 
lake  at  Buffalo  in  excess  of  570  feet  above  tide  water;  or,?y=stage  of 
lake— 570  feet. 

In  connection  with  the  direct  observations  made  to  detei'mine  the 
outflow  from  the  lake  at  different  stages  continuous  readings  were 
made  with  gauges  from  which  the  slope  of  the  foot  of  the  lake  and  the 
river  surface  has  been  computed  for  the  corresponding  volumes  of 
discharge,  which,  with  the  carefully  measured  cross  sections  of  the  river 
shown  on  plate  84,  furnishes  a  check  on  the  equation  of  discharge  given 
above  and  shows  a  discrepancy  of  less  than  3  per  cent  for  maximum 
volume  of  outflow  used  in  this  discussion. 

It  has  been  found  from  an  examination  of  tlie  records  of  the  lake 
water  gauges  at  Buffalo,  Cleveland,  and  the  mouth  of  the  Detroit 
River  that  tlie  relative  elevations  of  the  gauges  have  been  incorrectly 
established,  and  that  the  zero  of  the  Cleveland  gauge  is  0.80  foot  high, 
relative  to  the  gauge  readings  at  Buffalo,  and  0.48  foot  liigh  as  com- 
pared with  that  at  the  mouth  of  the  Detroit  River. 

There  is  some  uncertainty  in  regard  to  the  stability  of  the  gauge  at 
Buffalo  previous  to  1806,  and  since  the  level  of  the  lake  is  least  affected 
by  winds  during  the  months  of  June,  July,  and  August,  the  compari- 
son of  levels  at  Cleveland  and  Buffalo  is  based  on  the  gauge  readings 
for  these  months  during  1890,  1807,  and  1808,  which  are  as  follows: 

Elevation  of  lake. 


Date 

Buflfalo 
gauge. 

Feet. 
571.57 
572. 2;} 
572. 25 

Cleveland 
gauge. 

Diflfer- 

ence. 

1896 .              . 

Feet. 
.572.01 
.572.  m 
572. 69 

Feet. 
0  44 

1897 

.43 

1898 

44 

Mean 

.44 

Correction  for  slope  in  foot  of  lake 

.13 

Zero  of  Cleveland  gauge  too  high 

.31 

A  series  of  observations  was  made  with  gauges  established  in  the 
open  lake  outside  of  Buffalo  Harbor  during  J ulj- and  August,  1898, 
which,  compared  with  the  record  of  the  Government  gauge  at  Cleve- 
land, makes  the  zero  of  the  latter  gauge  0.30  foot  too  high,  relative  to 
the  elevation  of  the  lake  at  Buffalo,  which  amount  has  been  used  in 
computing  the  following  table  of  elevations  of  tlie  lake  from  Cleveland 
gaugre  records : 
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Monthly  mean  elevations  <>f  Lake  Erie  at  Buffalo.   A.    V..    for  yearn  1SH5-18U8, 

iiirliisivr. 


Feet. 

1865.... 

on.  8(1 

18««..  . 

1.57 

1867.... 

2.W 

18«8.... 

1.21 

18«9.... 

1.44 

1870.... 

2.68 

1871    ... 

2.24 

1872.... 

1.37 

1873.... 

0.»5 

1874  .... 

2.84 

1875.... 

1.36 

I87ti.... 

2.15 

1877.... 

2.54 

1878.-... 

2.61 

l><7i«.... 

2.3(1 

188(1.... 

2.;« 

1881  .... 

1.4(1 

1882.... 

2.9(» 

18KJ.... 

2.(t7 

1884    ... 

2.58 

1885  .... 

2.06 

18M).... 

3.34 

1S87.... 

2.41 

1888  .... 

2.06 

188St.... 

2.10 

I8it(l.... 

2.17 

IMOI  .... 

2.10 

l>>if-'  .... 

1.10 

18!':3.... 

0.96 

18W.... 

l.(W 

lt«S»5.-.. 

1.02 

18!l«.... 

0. 75 

18!«7    ... 

0.88 

1898  .... 

1.38 

Feet. 

571.22 
1.41 
1.81 
0.83 
1.37 
2.91 
1.91 
1.13 
O.M 
2.89 
1.19 
2.71 
2.38 
2.75 
2.16 
2.37 
1.51 
2.90 
2.28 
2.84 
1.&5 
2.61 
2.8:^ 
1.79 
1.94 
2.46 
2.08 
0.89 
1.04 
1.51 
0. 79 
0.67 
1.08 
1.58 


21 
1.421 

1.85 
2.  (i8: 
2.36: 
1.04' 
l.tOi 
•>  jj^ 

3.;J6 

2. 15| 
2.88 
2. 19 
2. 51 1 

i.8;ii 
3.:fi 

2.47i 
3.(B| 
1.71 
2.42 
3.64 
1.89 
1.78 
2.58 
2.54 
0.93 
1.26 
1.54 
0.80 
0.62 
1.45 
1.84 


Feet.  Feet.  Feet. 
1.54  572.26  572.84 
1.80,    2.381    2.60 

2.5:1 

2.25 

2. 15 

3.3;{ 

2.84 

1.24 

2.31 

3. 09 

1.73 

3.88 

2.58 

3. ;«» 


2.50 
2. 67 
2.53 
3.57 
2. 59 
3.58 
2.53 
3.30 
3.66 
2.52 
2.13 
3.07 
2.41 
1.49 
1.99 
1.94 
1.05 
l.(»7 
2.00 
2.42 


3.05 
2.70 
2.70 
3.  .54 
3.11 
1.68 
2.!»« 
3.18 
2.20 
4.20 
2.83 
3.i56 
2.70 
2.94 
2.93 
3.77 
3.16 

3.a5 

3.26 
3.60| 
3.84 
2.77 
2.31 
3.41 
2.23 
2!  29 
2.83 
2.33 
1.27 
1.45 
2.33 


Feet. 

Feet. 

572.82 

572. 78 

2.86 

2.97 

3.  as 

3.17 

3.09 

3. 06 

3.09 

3.|}7 

3.51 

3. 55 

3.14 

3. 12 

2.05 

2.(H 

3.06 

3.(4 

3.25 

328 

2.63 

2.76 

4.31 

4.20 

2.91 

3.15 

3.56 

3. 56 

2.79 

2.82 

3.05 

3.14 

3.17 

3.12 

3.92 

3.85 

3.  75 

3.95 

3.9:1 

3.71 

3.77 

3.73 

3.70 

3.(i8 

3.87 

3.&3 

2.90 

3.05 

2.74 

2.94 

3.78 

3.40 

2.;J7 

2.27 

3.05 

s.n 

;}.02 

2.74 

2.63 

2. 52 

l.:«J 

1.25 

1.72 

1.60 

2.4:3 

2.42 

2.  m 

2.  :$.>< 

Auk. 

Sept. 

Oct. 

Nov. 

Feet. 

Feet. 

Feet. 

Feet,  j 

r>T2. 70 

572.66 

572. :» 

571.98 

2.72 

2.66 

2.65 

2.41 

2.86 

2.47 

2.13 

l.iU 

2.54 

2  27 

1.82 

1.66 

3.27 

:i.m 

2.55 

2.(»9 

■.i.W 

:i.25 

2.87 

2.57 

2.91 

2.74 

2.07 

1.89 

2.01 

1.78 

1.61 

1.28 

2.98 

2.58 

2.28 

2.(»8 

3.12 

2.t»S 

2.22 

1.80 

2.75 

2.61 

2.12 

1.97 

3.90 

3. 7:1 

3.30 

:{.28 

:}.oi 

2.93 

2.5:1 

2.45 

3.32 

3.19 

2.84 

2.64 

2.60 

2.27 

2.04 

1.57 

2.90 

2.67 

2.2:1 

2.15 

2.80 

2.45 

2.40 

2.22 

:i.7i 

3.44 

2.m 

2.67 

:i.89 

;3.58 

3.26 

2.88 

:i.55 

:3.12 

2.79 

2.;}i 

3.74 

;i.59 

3.49 

3.:i7 

3.47 

3.23 

;}.oo 

2.54} 

;i.3i 

3.08 

2.49 

2.22 

2.95 

2.51 

2.14 

2.20 

2.6:3 

2.24 

1.82 

1.55 

2.96 

2.77 

2.58 

2.55 

2.00 

1.82 

1.44 

l.(Xt 

2.82 

2.50 

1.94 

1.61 

3.40 

2.(e 

1.67 

1.27 

2. 15 

1.98 

1.66 

1.42 

1  17 

1.07 

0. 59 

0.49 

1.81 

1.49 

1.25 

0.88 

2.26 

1.98 

1.49 

\.m 

2.  IS 

l.WI 

l.tui 

\AX 

Dec. 


1  Feet 
71.84 
2.42 
1.41 
1.45 
2.44 
2.  45 
1.45 
1.U5 
2.45 
1.59 
2.19 
2.94 
2.5:3 
2  72 

I'.ia 

1.81 

2.43 

2.16 
2.91 
2.24 
3.32 
2.64 
2.24 
2.08 
1.81 
2.32 
1.07 
l.:34 
l.a5 
1.35 
0.65 
0.91 
1.33 
1..31 


M. 

,1!.- 

Jan  t  • 

June, 

indii 

'  ■ 

siv. 

Feet. 

Feet. 

572.08 

572.23 

2.10 

2.:37 

2.52 

2.40 

1.92 

2.02 

2.10 

2.44 

3.11 

3.07 

2.60 

2.48 

1.42 

1.52 

1.88 

2.2:1 

3.03 

2.74 

1.74 

2.07 

3.44 

:3.49 

2.57 

2.67 

3.11 

3.08 

2.45 

2:32 

2.65 

2..-,6 

2.23 

2.40 

3.40 

3.27 

2. 70 

:3.06 

3.30 

3.13 

2.53 

3.04 

3.16 

3.13 

3.38 

3.10 

2.32 

2.40 

2.17 

2.17 

2.91 

2.84 

2.29 

1.94 

1.62 

1.9:1 

1.85 

1.88 

1.93 

1.89 

1.05 

0.96 

1.05 

1.19 

l.W) 

1.75 

2.07 

1.9:1 

Mean  1865  to  1898,  inclusive 


572.36        572.40 


The  uncertainty  in  regard  to  the  stability  of  the  Biiflfalo  gauge  pre- 
vious to  1890,  together  with  the  excessive  fluctuations  of  the  lake 
levels  at  Buffalo,  make  the  Cleveland  gauge  record  much  moiv  relia]»le, 
and  it  therefore  has  l)een  used  in  detennining  Th»*  mean  monthly 
elevations  of  the  lake. 

By  substituting  the  monthly  mean  elevations  of  I.ako  Krie  from  the 
above  table  in  the  formula  for  discharge  of  Xiiigara  River,  the  follow- 
ing table  has  been  made,  giving  the  mean  discharge  of  the  river  for 
each  month  from  1865  to  18t>8,  inclusive: 
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With  a  lew  niiiioi-  cvt-fpiioiis  tin-  ri>t'  of  the  lake  l<-\ci>  «m-cih>>  dur- 
ing the  first  six  months  of  tlie  yeur,  and  since  the  aetual  net  supply 
to  the  lake  (inflow  loss  evaporation)  is  equal  to  the  sum  of  the  volunu\s 
of  storage  and  outflow,  it  follows  that  the  area  of  the  lake,  multii)lied 
by  tlie  change  in  level  during  storage  period,  plus  the  discharge,  must 
equal  the  supply.  Careful  measurenuMits  from  the  best  charts  obtain- 
able make  the  area  of  the  lake  !»,!)3-*  square  miles,  over  which  storage 
at  the  rate  of  1  foot  depth  in  six  months  is  equivalent  to  an  average 
supply  of  17,5-tO  cubic  feet  per  second  for  the  same  period. 

The  following  table  gives  the  rise,  average  discharge,  and  average 
supply  for  the  first  six  months  of  e"achyear  from  1805  to  1898,  inclusive: 

Annual  rise  and  supply  to  Lake  Erie. 


Year. 


1865 
1866 
1867 
1868 
18H9 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 


Ui.-,o  lor 

Eijuiva- 

Average 
dis- 

Average 
supply 

Rise  for 

SIX 

lent  per 

charge 

Year. 

six 

months. 

second. 

per 
second. 

second. 

months. 

Feet. 

Feet. 

Feet. 

1.02 

17,891 

212,  ;«8 

230,278 

1882 

1.02 

1.29 

22.627 

212,818 

235,445 

1883 

1.68 

1.23 

21,574 

222,806 

244,380 

1884 

i.a5 

1.88 

32,975 

aw.itiw 

241,884 

1885 

1.71 

1.65 

28,941 

212,885 

241,826 

1886 

.;*) 

.83 

14,558 

2:J7,676 

2.52,234 

1887 

1.46 

.90 

15, 78t) 

224.819 

240.  «)5 

1888 

.84 

.68 

11,927 

197,013 

208,940 

1889 

.64 

2.11 

37,010 

208,451 

246,461 

1890 

1.61 

.41 

7,191 

2:i'J,6(B 

242,794 

1891 

.27 

1.27 

23,276 

204,;*i6 

22>),642 

1892 

1.95 

2.16 

37,886 

247,:}28 

28.5.214 

18!© 

2.06 

.37 

6,490 

223,787 

2:J0,277 

1894 

4.01 

.95 

]6,t563 

2=57.887 

254,550 

1895 

.;J4 

.49 

8,  .595 

220,832 

229.427 

1896 

.97 

.72 

12,629 

225,757 

238,386 

1897 

1.55 

31,045 

216,054 

247,099 

1898 

1.22 

Average  .  „^.^„^ 
Equiva-  dis-  l^Z?^,^ 
lent  per  '  charge  I  «"PP'y 
second.         '«»»•  per 


Feet. 

17,891 
29,467 

7,893 
29,  SKW 

6,314 
25,6(J8 
14,7;J4 
11,226 
28,240 

4,7:*5 
34,2(B 
36,132 
17.715 

.5,964 
17,014 
27. 187 
21,399 


per 
second. 


second. 


Feet. 
245, 7.58 

243! 35« 
223.  .576 
2;?J.;{81 
245.243 
217, 90t) 
214.0t;j 
2:12,920 
216,876 
202,288 
207,470 
208,5.'H 
189,018 
189, 191 
303.471 
211,834 


Ffft. 

2tvi,  iH!t 

2.')ti.".««) 

251, 2t9 

25;{,.5ti9 

245.695 

2;0.H.51 

2:52.640 

225. 2ti;i 

261.11)0 

221.r,lti 

2:Jti.  \\n 

24^>,tiir_> 

2-Jii  :!<p'.i 

in.-..  111:.' 

2(Hi.:,ir» 

2:»i.t>58 

2:j:i.2:i:i 


With  the  lake  level  regulated  at  574.5  feet  above  tide  water,  the 
maximum  discharge  will  be  277,270  cubic  feet  per  second. 

The  mean  elevation  of  the  lake  at  Buffalo  for  the  years  18G5  to  18i)8, 
inclusive,  was  572.4  feet  above  tide  water,  for  which  the  correspond- 
ing discharge  is  219,560  cubic  feet  i)er  second.  The  mean  of  all  the 
monthly  discharges  for  the  same  period  is  220,4:30  cubic  feet  per  sec- 
ond. The  difference  of  these  quantities,  or  the  difference  between 
the  mean  discharge  and  the  discharge  at  the  mean  stage  of  the  lake, 
is  due  to  the  increment  of  discharge  for  any  given  change  of  stage, 
being  greater  for  high  water  than  at  low. 

Assuming  that  the  lake  be  regulated  for  a  stage  of  574.5  feet,  or 
al)out  0.5  foot  below  the  extreme  liigh-water  stage  of  the  lake,  the 
maximum  limit  to  which  the  outflow  could  be  increased  would  l)e 
277,270  cubic  feet  per  second,  as  shown  by  equation  of  discharge. 

It  will  be  vSeen  from  the  above  table  that  since  1805  there  has  been 
but  one  year  (1870)  in  which  the  average  supply  during  the  storage 
season  was  in  excess  of  the  volume  which  will  be  discharged  through 
the  outlet  wIkmi  tlic  l;tk<'  i-^  :ii  tli..  «t,i-r..  .'i74..">  feet  .-tbox.-  ti.i.v  water. 


288  DEEP    WATERWAYS. 

The  mean  montlily  supply  for  year  of  maximum  storage,  January 
to  Jnne,  1876,  was  as  follows  (per  second):  , 

Cubic  feet. 

January 273,400 

February  . 295,700 

March    . 299,100 

April 292,600 

May - 279,800 

June... -.    .   271,500 

Mean 285,200 

The  three  months  in  which  the  supply  was  materially  in  excess  of 
the  discharge  for  proposed  regulated  stage  were  February,  March,  and 
April,  during  which  the  excess  averaged  li),000  cubic  feet  per  second, 
corresponding  to  a  rise  of  0,2  foot  in  February,  0.2  foot  in  March,  and 
0.15  foot  in  April;  hence  if  the  level  of  the  lake  when  regulated  should 
be  allowed  to  fall  0.(J  foot  each  year  after  the  close  of  navigation,  it  is 
probable  that  the  excess  of  supply  over  discharge  would  never  cause 
the  surface  to  rise  above  the  plane  of  regulation. 

From  an  examination  of  the  tables  on  pages  285  and  280  it  will  be  seen 
that  at  the  close  of  the  navigation  season  the  supply  is  always  much 
less  than  the  capacitj'  of  the  regulating  works  and  that  during  the 
storage  j^eriod  it  is  larger  than  the  discharge  over  the  fixed  weir,  and 
therefore  it  is  always  possible  to  lower  the  lake  level  any  desirable 
amount  in  the  fall  of  the  year  and  to  supply  tlie  «lefici«'iH'y  at  the 
beginning  of  the  season  of  navigation. 

Rules  can  be  establishetl  such  that  when  Lake  Huron  is  at  or  above 
an  average  stage  in  the  fall  the  surface  of  the  lake  may  be  lowered  an 
amount  such  that  any  excessive  local  supply  can  be  taken  care  of,  and 
in  case  such  local  supply  should  be  less  than  expected  the  normal 
level  may  be  restored  at  the  opening  of  navigation,  after  which  date 
the  supply  to  the  lake  usually  diminishes. 

In  the  fall  of  1875  the  discharge  of  Niagara  River  was  00,000  cubic 
feet  per  second  less  than  the  capacity  of  tlie  regulating  works,  and  if 
the  lake  had  been  regulated  with  the  sluices  of  the  regulating  works  all 
open  the  surface  would  have  been  lowered  1  foot  in  about  two  months, 
or  sufficient  to  have  stored  the  excessiv^e  supply  which  occurred  in  the 
spring  of  1876,  with  a  margin  of  0.4  foot  for  contingencies. 

It  has  been  shown  that  the  fall  of  the  waterway  from  Lake  Huron 
to  Lake  Erie  under  existing  conditions  is  less  at  high  stages  of  the 
lakes  than  at  low,  but  if  the  level  of  Lake  Erie  be  controlled  at  a  fixed 
elevation  the  fall  of  the  rivers  would  increase  with  the  stage  in  Lake 
Huron  and  cause  a  larger  discharge  for  any  given  rise  than  at  present. 

High  water  in  Lakes  Huron  and  Michigan  occurs  about  one  month 
after  Lake  Erie  commences  to  fall,  and  any  increase  of  the  high- water 
discharge  of  the  St.  Clair  River,  arising  from  the  regulation  of  Lake 
Erie,  will  take  place  after  the  supply  to  the  latter  lake  becomes  less 
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than  the  capacity  of  the  r<'<;iilating  works  and  will  tend  to  inak<'  the 
supply  to  Lake  Erie  jjreater  in  July  and  Au<rust  ,uid  less  in  wintfi* 
than  under  present  conditions. 

For  example,  the  rise  and  storaj^e  in  Lakes  Michipiii  and  Huron  in 
187()  (the  year  of  nuiximuni  supply  to  Lake  Erie)  were  iis  follows : 


Month. 


January . 
Fi-bruary 
March ... 
April  .  ... 

May 

June 

July 


EJf/*"""' Rise  lieri  Total 
o?,Ut„^       month.      rise. 


Feet. 
581.23 
581.21 
581.34 
581.62 
582. 22 
582.71 
583.15 


Feet.       Feet 


-0.02 
.13 
.28 
.CO 
.49 
.44 


—0.02 
11 
.39 

.m 

1.48 
\.9Z 


Storage 

per 
aecond. 


Cubic  ft. 


-800 
52,170 
135.350 
290,040 
23B,970 
212,800 


The  inaximuni  supply  to  Lake  Erie  in  1870  occurred  in  March,  at 
which  time  it  will  he  seen  from  the  above  table  that  no  material  rise 
had  taken  place  in  Lake  Huron,  and  therefore  the  excessive  rise  iu 
Lake  Erie  was  largely  due  to  inflow  from  the  watershed  directly  trib- 
utary to  the  lake  and  occurred  nearly  a  month  before  the  rise  in  Lake 
Hui'on  was  sufficient  to  materinlh'  increase  th(i  discliai-jre  thronirh  the 
St.  Clair  River. 

The  minimum  slai^c  of  Lake  Eric  since  IStio  occun-eil  in  November, 
1895,  when  the  surface  was  570.5  feet  above  tide  water  and  the  dis- 
charge at  the  outlet  178,000  cubic  feet  per  second,  which,  compared 
with  that  for  March,  1876,  indicates  a  maximum  variation  of  outflow 
of  121, 0(X)  cubic  feet  per  second. 

With  the  exception  of  1870  the  average  supply  during  storage 
period  has  not  exceeded  271,000  cubic;  feet  per  second,  corresponding 
to  the  discharge  through  Niagara  River  when  the  Take  is  at  a  stage 
of  574. ;J  feet  above  tide  water,  from  which  it  is  evident  that  when  the 
lake  is  at  its  highest  stage  the  outflow  is  pmctically  equal  to  the  maxi- 
mum supply,  and  if  such  maximum  inflow  should  continue  con.stant 
for  any  length  of  time  a  practical  state  of  regulation  would  exist. 
To  establish  regulation  at  any  lower  stage  than  574.3  feet  above  tide 
water  will  require  that  the  gorge  at  the  head  of  Niagara  River  be 
enlarged  sufficiently  to  allow  a  discharge  equal  to  the  maximum  sui)ply 
at  that  stage. 

In  order,  therefore,  to  maintain  the  lake  at  a  fixed  stage  it  will  be 
necessary  to  construct  a  fixed  weir  t)ver  which  a  discharge  of  about 
178,000  cubic  feet  per  second  can  be  maintained  at  times  when  the 
water  below  the  dam  is  4  feet  lower  than  the  regulated  surface  of  the 
lake  (with  stage  of  570.5  below  dam  the  discharge  through  gorge  will 
be  178,000  cubic  feet  per  second),  and  a  set  of  sluices  through  which, 
in  connection  with  the  flow  over  the  fixed  weir,  271, 0<X)  cubic  feet  per 
second  \y\\\  be  discharged  when  the  sluice  gates  are  all  open. 
H.  Doc.  149 -li) 
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For  the  purpose  of  obtaining  this  control  of  tlie  outflow,  it  is  pro- 
posed  to  construct  a  fixed  weir  2,900  feet  long  witli  G.6  depth  of  water 
on  the  crest,  and  13  sluices,  having  80  feet  clear  opening  each  and  an 
aggregate  cross-section  of  23,800  square  feet. 

The  following  results  are  obtained  from  the  records  of  gage  read- 
ings made  in  1807  and  1898  to  determine  the  slope  of  the  river  for 
different  stages  of  the  lake : 


stage  of 
lake. 

Fall  from 

lake  to 
dam  site. 

Mean  ve- 
locity at 
dam  site. 

Theoretic- 
al velocity 
head. 

Difference  be- 
tween fall  and 
theoretical  ve- 
locity head. 

Feet. 
570.5 
574.5 

Feet. 
0.68 
.?2 

Feet. 
3.9 

4.3 

Feet. 
0.24 
.39 

Feet. 
0.44 
.43 

stage  of 
lake. 

Fall  from 
lake  to 
water- 
works. 

Mean  ve- 
locity In 
section. 

Theoretic- 
al velocity 
head. 

Difference  lie- 
twoen  fall  and 
theoretical  ve- 
locity head. 

Feet. 
570.5 
574.5 

Feet. 
3.02 
3.34 

Feet. 
8.0 
9.1 

Feet. 
0.99 
1.28 

Feet. 
2.08 
2.06 

It  will  be  seen  from  the  above  that  the  change  of  slope  from  the 
lake  to  the  proposed  site  for  regulating  works  and  from  the  lake  to 
the  gorge  in  the  head  of  the  river  varies  with  the  theoretical  head 
necessary  to  produce  the  velocity  of  flow  at  the  respective  sections, 
and  that  the  amount  of  fall  necessary  to  overcome  fi'iction  and  main- 
tain the  flow  is  ])i'a('ti('ally  constant  within  the  limits  under  consid- 
eration. 

^Yith  the  projjosed  regulating  works  in  place,  the  mean  velocity  of 
flow  for  maximum  discharge  through  the  works  will  be  6.4  feet  per 
second,  and,  since  the  velocity  at  the  gorge  will  always  exceed  that 
at  the  regulating  works,  the  amount  of  additional  resistance  to  be 
overcome  after  regulation  is  effected  will  he  simply  that  due  to  main- 
taining the  flow  through  the  Avorks,  which  is  less  than  0.025  foot.' 

The  maximum  discharge  for  the  lake,  when  regulated,  will  there- 
fore be  aj)proximately  the  same  as  for  the  same  stage  under  the  pres- 
ent conditions. 

The  observations  which  were  made  for  the  board  at  the  hydraulic 
laboratory  of  Cornell  University  to  determine  the  coefficients  for  the 
Francis  weir  formula  (Q  =  CL7i')  for  the  design  of  weir  proposed  for 

'With  a  stage  of  574.5  feet  above  tide  water  under  present  conditions,  the  water 
starting  from  a  state  of  rest  in  the  lake  has  a  mean  velocity  of  4.8  feet  per  second 
at  the  proposed  site  for  the  regulating  works  and  9.1  feet  per  second  across  the 
section  at  the  waterworks,  and,  under  the  new  conditions  which  will  arise  from 
the  construction  of  regulating  works,  the  water  will  have  a  mean  velocity  of  6.4 
feet  at  the  dam  and  9. 1  feet  per  second  at  the  waterworks,  from  which  it  is  evident 
that  the  theoretical  velocity  head  will  remain  unchanged,  and  that  whatever 
change  in  total  fall  occurs  will  be  due  to  the  resistance  to  flow  caused  by  the  dam 
and  sluices. 
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■-  depth 


Submer- 
genet'  from 
Ijiick  water. 

C  In  the 

for- 
mula. 3 

I)    ri.h'-    : 

h. 

0.0=0.00 

0.1=0.66 

0.3=1.33 

0.3=1.98 

0.4=3.64 

0.5=3.30 

0.6=3.96 

0.7=4.63 

0.8=5.38 

0.9=5.94 

3.70 
3.67 
3.64 
3.60 
3.54 
3.47 
3.36 
3.17 
2.88 
2.30 

For  a  low-water  discharge  of  the  river  the  submergence  below  the 
weir  will  be  0.4'',  making  the  value  C  =  3.54. 

Assuming  the  length  of  the  proposed  fixed  weir  lo  lie  -','.»* i*»  feet,  the 
discharge  will  be  Q  =3.54x2, !)0Ox(0.G)i^--175,O()O  cubic  feet  per  sec- 
ond; and,  since  a  complete  control  of  the  lake  level  for  minimum 
outflow  requires  that  it  should  never  be  less  than  the  capacity  of  the 
weir,  it  would  appear  that  the  proposed  dimensions  of  weir  are  rea- 
sonably correct. 

It  has  been  shown  that  the  mean  velocity  for  maximum  discharge 
through  the  regulating  works  will  be  G.4  feet  per  second,  which  will 
require  a  theoretical  velocity  head  of  0.G4  foot  to  generate  the  current, 
and  0.43  foot  to  overcome  friction  and  maintain  flow,  making  a  total 
fall  of  1.07  feet  from  the  lake  to  the  site  of  regulating  works,  instead 
of  0. 72  foot  re(iuired  under  the  present  conditions. 

Omitting  the  loss  of  head  requisite  to  maintain  flow  al)ove  the 
works,  the  submergence  from  backwater  will  be,  approximatelj',  0.9'', 
making  the  coefficient  for  the  weir  C=^2.30  and  the  discharge 
Q      2.30X  2,90()x  (G.(5)i--  113,400  cubic  feet  per  second. 

The  mean  velocity  of  flow  through  the  sluices  will  be  6.7  feet  per 
second,  which,  multiplied  by  the  total  area  of  sluice  cross  section, 
gives  a  discharge  of  159,500  cubic  feet  per  second,  and  a  total  dis- 
charge past  the  regulating  works  of  272,900  cul)ic  feet  per  second,  an 
amount  1,900  cubic  feet  per  second  in  excess  of  the  av€*rage  supply 
during  the  storage  period  for  any  year  since  18G5,  except  that  for 
187G.  ' 

A  year  of  maximum  supply  similar  to  that  of  187G  can  only  occur 
after  one  or  more  years  of  excessive  rainfall  over  the  entire  lake 
basin,  and  when  such  conditions  are  known  to  exist  the  level  of  the 
lake  can  be  allow<'d  to  fall  sufficiently  after  the  close  of  navigation 
each  year  to  provide  storage  for  any  excess  of  supply  that  may  be 
expected. 

If  for  any  reason  it  should  be  deemed  advisable  to  ivgulate  the  level 
of  the  lake  at  a  lower  stage  than  574.5  feet,  it  can  be  readily  accom- 
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plished  l)y  enlarging?  the  restricted  cross  section  of  the  river  at  the 
gorge  for  a  distance  of  about  3,00<)  feet. 

The  present  low-water  cross  section  of  tlie  river  through  the  gorge 
is  only  22,000  square  feet  area,  and  if  enlarged  10  per  cent  the  out- 
flow for  all  stages  of  the  water  surface  ))elow  the  regulating  works 
would  be  increased  sufficiently  to  allow  full  control  of  the  levels  at  a 
stage  of  573.5  feet  above  tide  water,  which  has  been  exceeded  by  the 
high-water  level  of  the  lake  on  eleven  different  years  since  1870,  and 
could  not  in  any  way  be  construed  as  likely  to  be  of  damage  to  vested 
rights. 

Such  an  enlargement  would  necessitate  the  excavation  of  about 
218,000  cubic  yards  of  earth  and  104,500  cubic  yards  of  rock,  and 
would  cost  about  1384,000. 

The  projjosed  elevation  for  regulated  stage  of  574.5  feet  above  tide 
water  is  about  0.5  foot  less  than  the  extreme  high-water  stage  of  the 
lake  and  is  considci-cd  a  safe  limit  for  eonsti-nction. 

WIND   EFFECT. 

From  the  head  of  Lake  Erie  to  the  islands  (about  30  miles)  the  depth 
of  water  is  only  about  35  feet,  and  througli  the  channels  between  the 
islands  the  depth  is  from  25  to  35  feet. 

Heavy  westerly  winds  force  the  water  through  these  passages  into 
the  main  body  of  the  lake,  causing  a  lowei-ingof  the  water  level  at  the 
head  of  the  lake  and  a  corresponding  rise  at  Buffalo.  Tlie  amount  of 
this  change  of  level  depends  upon  the  stage  of  the  lake,  the  velocity 
and  direction  of  the  wind,  and  the  duration  of  the  storm,  and,  in 
extreme  cases,  with  wind  velocity  of  60  to  80  miles  lasting  for  several 
hours  the  change  of  level  reaches  (5  to  7  feet  at  each  end  of  the  lake. 

The  change  of  level  at  Cleveland  is  generally  less  than  1  foot,  show- 
ing that  the  wind  effect  is  mostly  at  the  two  ends  of  the  lake,  and  is 
due  to  the  depth  of  water  being  so  small  that  retui'n  currents  are  not 
generated  sufficientlj''  to  equalize  the  effect  of  wind  on  the  surface, 
until  considerable  difference  in  level  is  produced.  The  deeper  the 
water,  the  less  will  be  the  head  necessary  to  produce  any  given  volume 
of  flow  in  the  return  current,  and  it  is  probable  that  the  elevation  to 
which  the  Avater  will  be  raised  by  wind  of  any  given  velocity  and  dura- 
tion will  be  approximately  the  same,  whether  the  lake  be  at  extreme  low 
or  medium  high  stage  when  the  storm  occurs.  Storms  of  sufficient 
force  to  change  the  water  level  3  feet  or  more  at  the  head  of  the  lake 
are  very  infrequent,  and  can  only  be  provided  for  by  making  the  depth 
of  channels  at  the  head  and  foot  of  the  lake  that  amount  deeper  than 
through  other  portions  of  the  waterway  sj^stem. 

The  length  of  time  which  these  changes  would  be  in  excess  of  1  foot 
is  so  small  that,  with  the  level  of  the  lake  regulated  above  mean  stage, 
the  detention  from  this  cause  would  not  seriously  delay  commerce. 
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PROPOSED   LOCATION   OF   WORKS. 

Starting  at  a  point  on  tlie  breakwater  of  Black  Rock  IIarlx)r,  about 
G,000  feet  below  the  entrance  at  Buffalo  Creek,  a  rock  reef,  with  an 
average  depth  of  (j.G  feet  of  water  at  proposed  regulated  stage,  is 
utilized  for  a  distance  of  1,300  feet  to  the  bank  of  the  channel  of  the 
outlet,  at  whicli  place  the  line  of  the  works  inakes  a  deflection  of  35° 
and  extends  to  the  Canadian  shore,  a  distance  of  2,810  feet,  of  which 
1,000  feet  is  to  be  a  fixed  weir,  1,040  feet  sluice  openings,  and  170  feet 
sluice-gate  piers,  as  sliown  on  plati'  84. 

The  site  is  protected  from  winds  from  all  directions,  except  from 
the  south  to  the  southwest,  and  has  a  rock  bottom  suitable  for  the 
foundation  of  structures  for  the  entire  width  of  cross  section.  The 
rock  reef  from  the  Black  Rock  Harbor  breakwater  to  the  west  end  of 
the  system  of  proposed  sluice  gates  has  approximately  the  elevation 
required  for  a  fixed  weir,  and  will  need  but  a  small  amount  of  excava- 
tion (given  in  estimate)  to  make  it  suitable  for  1,200  feet  of  the  pro- 
posed submerged  portion  of  regulating  works.     (See  plate  84.) 

DESIGN   OF   STRUCTURES. 

The  fixed  weir  and  the  piers  for  regulating  sluices  have  been  designed 
with  reference  to  securing  a  maximum  volume  of  discharge  for  any 
given  diflference  of  level  between  that  of  the  regulated  lake  and  the 
water  surface  below  the  structure,  and  consist  of  2,900  feet  of  fixed 
weir,  together  with  13  sluices  80  feet  wide  and  20  to  24  feet  deep. 
The  general  designs  and  dimensions  are  shown  on  plate  85. 

The  sluice  gates  and  counterweights  for  the  proposed  works  are  of 
the  "Stoney  type,"  with  a  slight  modification,  and  are  shown  on  plate 
86,  and  the  details  of  the  snsjxMidiiig  chains,  roller  system,  ami  hoist- 
ing gear  on  plate  87. 

Particular  attention  is  called  to  the  design  for  susi)ending  chains, 
designed  by  Mr.  S.  II.  Woodard,  by  which  the  effect  of  the  immersion 
of  the  gate  is  eliminated,  making  the  resistance  to  be  overcome  by  the . 
hoisting  gear  practically  that  due  to  friction  and  to  the  inertia  of  the 
moving  parts. 

The  operation  of  the  gates  will  require  two  men  for  each  sluice,  and 
the  entire  system  could  prol)ably  be  opened  in  about  forty-five  minutes. 

Tile  piers  for  sluice  gates  can  be  constructed  inoneseason,  and  the 
superstructure,  gates,  and  fixed  weirs  during  the  second  season  after 
commencement  of  work. 

The  installation  of  regulating  works  will  necessitate  the  construction 
of  a  lock  for  passing  vessels  from  Lake  Erie  to  ports  on  the  Niagara 
River.  Such  a  lock  will,  however,  be  a  necessity  with  any  project 
which  provides  for  the  same  depth  of  channel  for  Tonawanda  as  for 
Lake  Erie  harbors,  and  very  likely  will  be  required  with  whatever 
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plan  of  improvement  that  may  be  adopted  for  Lake  Erie  harbors  and 
waterways. 

The  heavy  current  in  the  head  of  Niagara  River  makes  navigation 
of  the  river  difficult  and  dangerous,  but  below  the  gorge  the  river  is 
broad  and  deep,  with  a  current  of  only  about  2  miles  per  hour. 

A  canal  for  passing  vessels  around  the  rapids  will  avoid  excessive 
currents  for  all  stages  of  the  river  and  secure  safe  navigation  between 
the  lake  and  ports  on  the  Niagara  River. 

Estimate  of  cost  of  regulating  works  in  place. 
Crib  work: 

Material  for  6  cofferdams — 

793  M  feet  B.  M.  white  pine,  at  $33  per  M §27, 720 

147. GOO  pounds  bolta  and  rods,  at  3  cents.  -   .  - 4, 428 

Towing  and  pumping,  14  coflferdams 14, 000 

Piers: 

Material  in  14  piers — 

]  ,671  cubic  yards  cut  granite,  at  $46 76, 866 

GOl  cubic  yards  cut  limestone,  at  $25 „ .  .....     15, 025 

558  cubic  yards  paving  block,  at  $20 11, 160 

3,393  cubic  yards  concrete,  at  $6 20.358 

141,810  pounds  cast-steel  quoins,  at  8  cents 11,344 

95,200  pounds  old  rails  in  concrete,  at  1  cent _ . .  952 

14.140  pounds  anchor  bolts,  at  4  cents 565 

SiUs: 

Material  in  13  sills — 

395  cubic  yards  concrete,  at  $10 3, 950 

71,610  pounds  plates  and  bolts,  at  5  cents 3, 580 

57,700  pounds  structural  steel  in  one  caisson,  at  Scents 2,885 

Plant,  and  operating 20,000 

Gates: 

Material  in  13  gates — 

2,523,760  pounds  structural  steel,  at  5  cents 126, 188 

107,780  pounds  cast  steel,  at  6  cents ... 6, 467 

Counter  weights: 

Material  in  13  counterweights — 

539,500  pounds  structural  steel,  at  5  cents 26, 975 

1,954,190  pounds  cast-iron  weights,  at  1.5  cents 29,313 

Chains: 

Material  for  26  chains,  233,000  pounds  steel,  at  1 1  cents 25, 630 

Superstructure: 

1 ,090,200  pounds  structural  steel,  at  5  cents 54, 510 

38  M  feet  B.  M.  flooring,  at  $30  per  M. 1,140 

Hoisting  gear: 

Material  for  26  machines — 

248,650  pounds  gears,  sheaves,  etc.,  at  8  cents 19, 892 

43,860  pounds  shafting,  at  4  cents 1,  754 

Roller  trains: 

Material  for  26  trains — 

79,380  pounds  rollers,  at  10  cents 7,938 

57,940  pounds  structural  steel,  at  5  cents 2, 897 

8, 100  pounds  cast  steel,  at  6  cents 486 
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Submerged  weir: 

1,700  linear  feet  of  weir,  at  $•"> -03,500 

15,800  cubic  yards  rock  excavation  on  reef,  at  $3 17, 400 

Engineering  and  superintendence 75,000 

Contingencies 65, 000 


Total. 796,923 

Estimate,  for  i .-j<><>i  inainnl  mid  luck  hi>u  I,;/  i;u  by  21  feet  hettoeen  Lake  Erie  and 
Niagara  River  below  the  gorge. 

Excavation  in  lake,  600  feet  wide,  rock,  215,750  cubic  yards,  at  $3 $647, 250 

Excavation  in  canal.  240  feet  vride:     . 

Rock.  114,250  cubic  yards,  at  §2  . . 228, 500 

Earth,  264,280  cubic  yards,  at  15  cents 39,642 

Excavation  at  lock: 

Earth,  55,750  cubic  yards,  at  15  cents 8,363 

Rock  (dry) .  49,650  cubic  yards,  at  80  cents 39, 720 

Retaining  wall  and  crib: 

Masonry,  111,800  cubic  yards,  atS6...   670,800 

Timber,  885,800  feet  B.  M.,  at  $25  per  M 22.145 

Drift  bolts,  79,670  pounds,  at  3  cents 2,390 

Stone  filling,  10,210  cubic  yards,  at  50  cents 5, 105 

Lock: 

Concrete,  72,500  cubic  yards,  at  $6 435. 000 

Granite  quoins,  190  cubic  yards,  at  $55 10, 450 

Cut  stone,  480  cubic  yards,  at  $25 12, 000 

Brick  lining,  1 .200  cubic  yards,  at  $12  . .    14, 400 

Gates,  1 ,310,000  pounds,  at  5  cents 65, 500 

Steel  castings,  63,200  pounds,  at  6  cents _ .   3,  792 

Pins  and  pivots,  10,200  pounds,  at  10  cents 1,020 

Anchor  bars,  20,800  pounds,  at  5  cents 1,040 

Bronze  bushings,  2.800  pounds,  at  40  cents 1 ,  120 

Drift  bolts.  63.000  pounds,  at  3  cents .  1,890 

Oak  timber,  36,000  feet  B.  M.,  at  $50  per  M ., 1. 800 

Operating  plant  . .   75. 000 

Contingencies . .   lOO.  (X)() 


Total  .  2,386,927 

If  a  ship  canal  .should  be  buill  from  J.ake  Erie  to  Lake  Ontario  the 
channel  would  be  made  21  feet  or  more  in  depth,  and  would  be  needed 
whether  the  regulating  works  were  constructed  or  not. 

The  above  estimate  is  based  on  a  channel  17  feet  deep,  with  a  lock 
with  21  feet  on  miter  sills,  which  will  allow  the  improvement  to  a  depth 
of  21  feet  without  change  of  structure. 

BENEFITS  TO   BE  DERIVED. 

If  regulating  works  for  controlling  the  level  of  Lake  Erie  should  be 
constructed,  the  harbor  and  waterways  of  the  lake  will  be  improved 
in  depth  the  amount  that  the  level  of  the  lake  is  raised  above  the  natu- 
ral stage  of  lake  with  which  compared,  and  since  the  plane  of  regu- 
tion  proposed  will  be  about  3  feet  higher  than  the  usual  stage  of  water 
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during  the  latter  part  of  tlie  season  of  navii^ation,  when  tlie  lieaviest 
traflfic  on  the  lake  occurs,  the  resulting  improvement  to  be  expected 
may  be  fairly  taken  at  that  amount.  Tlie  aggregate  cost  of  the  improve- 
ment of  Lake  Erie  harbors  has  averaged  about  |5l,000,000  for  each  foot 
of  permanent  imi^rovement  obtained,  or  approximately  $3,000,000  for 
the  resulting  increase  of  depth  which  would  be  produced  b}*  properly 
constructed  regulating  works. 

Whatever  amount  the  low-water  stage  of  Lake  Erie  may  be  raised, 
the  resulting  effect  on  the  low-water  levels  of  Lake  St.  Claii'  and  of 
Lakes  Huron  and  Michigan  will  be,  respectively,  about  two-tliirds  and 
one-third  of  the  change  of  stage  on  Lake  Erie. 

The  channels  of  the  Detroit  and  St.  Clair  i-ivers  sliould  be  made  GOO 
feet  wide  to  be  safe  for  the  vast  and  ra])idly  increasing  traffic  of  the 
waterways. 

To  construct  a  21-foot  channel  for  standard  low  water  of  the  lakes, 
and  (300  feet  wide,  will  require  the  excavation  of  the  following  amount 
of  material : 


Kind  of  material. 

Location. 

SSSV^i  »H» 

Rock. 

Lake  Erie  at  mouth  of  the  Detroit  River 

Cubic  yards. 
596,000 
933,  WK1 

Cu.  yds. 

Cu.  yds. 

Detroit  River  ' 

am.nm 

474,000 

Lake  St.  Clair 

r).,514.000  1 _'_.._. 

St.  Clair  River 

614,000 
1,198,000 

Foot  of  Lake  Huron .    

i    

Total 

8,845,000 

360. 000            474. 000 

With  the  surface  of  Lake  Erie  regulated  at  an  elevation  of  574.5 
feet  above  tide  water  (0.5  foot  below  extreme  high  water  of  lake),  tlie 
amount  of  excavation  necessary  for  the  construction  of  a  similar 
channel  with  a  constant  depth  for  entire  season  of  navigation  will  be: 


Kind  of  material. 

Location. 

Sand,  clay, 
and  gravel. 

Sand,  clay, 
and  bowl- 
ders. 

Rock. 

Lake  Erie  at  mouth  of  the  Detroit  River  -.. 

Cubic  yards. 

Cu.  yds. 

Cu.  yds. 

Detroit  River 

159,000 

266,000 

Lake  St.  Clair 

2,113,606 

St.  Clair  River .    . 

41.5,000 
830,000 

Foot  of  Lake  Huron 

Total 

3,358.000  !        159,000 

266,000 

Total  excavation  saved  by  regulation 

5,487,000 

201.000 

208,00(t 

Assuming  that  sand,  clay,  and  gravel  in  Lake  Erie  at  mouth  of  the 
Detroit  River  and  St.  Clair  River  can  be  excavated  for  9  cents  per 
cubic  5'ard,  in  Lake  St.  Clair  for  15  cents,  and  at  foot  of  Lake  Huron 
for  30  cents;  sand,  clay,  and  bowlders  for  40  cents,  and  rock  $2.50, 
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tin*  cost  of  coiislriu'tiii^  n  L*l-fool  eliainicl  <i(>()  feet  wide  Iroiii  Lako 
Erie  to  Lake  IIuioii  would  l)e  ahoiit  *1,;}75,0()()  less  with  level  of  I.ak<' 
Erie  regulated  than  under  the  present  conditions,  or  a  savin*;  of 
$578,000  more  than  the  regulating?  works  will  cost.  In  other  woi-ds, 
the  value  of  the  inipi-ovenient  to  the  waterway  from  Lake  P^rie  to  Lake 
Huron  would  be  more  than  the  amount  necessary  to  construct  tlie 
works  at  the  foot  of  Lake  Erie,  makinjij:  whatever  benefits  that  would 
result  to  tlie  harbors  and  <'hannels  of  the  lake  a  direct  l)alan('e  to  the 
credit  of  the  project. 

If  a  deep- waterway  cliamiel  sli.ould  evei-  be  cun.-^irucied  ihi-ough  the 
liead  of  Xiaj^ara  River,  a  dam  at  the  foot  of  the  lake  will  ])e  an  al>so- 
Inte  necessit\\  Otherwise  the  level  of  Lake  Erie  would  be  lowered  to 
such  an  extent  as  to  materially  damage  existing  improvements,  as  any 
improvement  of  Horseshoe  Reef  or  of  the  gorge  at  the  head  of  Niag- 
ara River  will  have  a  decided  effect  on  level  of  waterway  above  the 
improvement. 

One  of  the  chief  requisites  for  economical  transportation  on  the 
waterways  is  to  have  a  constant  depth  through  the  shallow  portions 
during  the  entire  season  of  navigation,  so  that  vessels  constructed 
witli  reference  to  the  expected  future  depth  of  channels  and  harboi-s 
will  be  able  to  carry  full  cargoes  at  all  times. 

Since  vessels  are  generally  constructed  for  utilizing  the  maximum 
deptli  of  the  improved  channels,  this  desiralile  condition  can  only  be 
secured  by  regulating  the  lake  levels. 

INTERNATIONAL   FEATURES. 

Any  system  of  regulating  works  that  maybe  designed  by  which  the 
level  of  the  lake  can  be  controlled  will  necessarily  be  partlj-  in  Cana- 
dian territory  and  subject  to  the  approval  of  the  "Canadian  govern- 
ment before  it  can  be  constructed.  The  stage  at  which  the  regulated 
level  of  lake  should  be  fixed  is  also  a  matter  of  importance  to  both 
countries  and  would  probably  have  to  be  settled  by  an  agreement 
between  the  two  (Tovernments. 

SUMMARY. 

Complete  regulation  of  any  lake  level  requires  that  the  sum  of  the 
evaporation  from  the  surface  and  the  outflow  shall  at  all  times  be 
approximately  equal  to  the  total  supply,  and  since  the  evaporation 
from  Lakes  Michigan  and  Huron  is  of  itself  at  times  largely  in  excess 
of  the  supply  a  complete  control  of  the  level  of  those  lakes  is  an 
impossibility.  The  reservoir  capacitj'  of  the  upper  lakes  is,  liowever, 
sufficient  to  allow  of  considerable  decrease  of  the  extreme  fluctua- 
tions of  Lakes  INIichigan  and  Huron  without  injurious  effects  on  the 
waterways. 

The  low-water  level  of  Lakes  Micliigaii  and  Huron  lias  been  lowered 
about  1  foot  during  the  past  thirteen  years  by  the  natural  and  artificial 
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deepening  of  the  channels  of  the  St.  Clair  and  Detroit  rivers,  and 
since  tlie  indirect  effect  on  Lake  Huron  will  be  about  one-third  of  the 
amount  that  the  low-water  stage  of  lake  Erie  is  raised  the  regulation 
of  the  latter  lake  at  a  plane  3  feet  above  ordinary  low  water  will 
restore  the  limit  of  low  water  on  Lakes  Michigan  and  Huron  to  what 
it  was  previous  to  188(5  and  diminish  the  fluctuations  of  those  lakes 
about  1  foot. 

The  regulation  of  Lake  Erie  will  not  materiallj^  change  the  total 
annual  discharge  through  the  Niagara  River  and  will  only  modify  the 
distribution  of  flow  about  5  per  cent  of  tlie  average  discharge,  and 
therefore  can  not  materially  affect  the  level  of  Lake  Ontario  and  the 
St.  Lawrence  River. 

At  the  stage  of  574.5  feet  above  tide  water — 0.5  below  extreme  high 
water — the  outflow  from  Lake  Erie  is  approximately  equal  to  the 
maximum  known  to  supply  the  lake,  and,  if  I'egulated  at  such  stage, 
the  level  of  the  lake  would  be  susceptible  of  complete  control  except 
as  affected  by  the  wind. 

For  a  complete  control  of  the  levels  at  any  lower  stage  an  enlarge- 
ment of  the  gorge  at  the  head  of  Xiagara  River  will  be  necessary,  and 
whatever  plane  of  regulation  may  be  adopted  will  require  interna- 
tional consideration. 

The  enlargement  of  the  waterway  through  the  Detroit  and  St.  Clair 
rivers  to  a  width  of  600  feet  is  an  urgent  necessity,  and  the  cofet  of 
such  imi)i*ovement  will  be  diminished  by  the  regulation  of  the  lake 
levels  an  amount  more  than  sufficient  to  construct  the  regulating 
works. 

A  fixed  depth  for  the  entire  season  of  navigation  through  the  shal- 
low i^ortions  of  the  connecting  waterways  is  very  essential  to  the 
transportation  interests,  and  can  only  be  secured  by  the  regulation  of 
the  lake  levels. 

The  harbors  and  channels  of  Lake  Erie  will  all  be  permanently 
improved  an  amount  equal  to  the  elevation  of  the  adopted  plane  of 
regulation  above  ordinary  low  water  of  the  lake,  which  unfortunately 
occurs  at  the  season  of  heaviest  traffic  on  the  lake. 

Respectfully  submitted. 

Geo.  Y.  Wisner. 

The  Board  of  Engineers  on  Deep  AVaterways. 


Appendix  No.  7. 

NIAGARA  RIVER  DISCHARGE. 

Detroit,  Mich.,  August  15,  1899. 
Gentlemen:  I  have  the  honor  to  submit  the  following  report  on 
the  discharge  measurements  made  in  the  Niagara  River  at  Buffalo, 
N.  Y.,  between  the  dates  September,  1897,  and  September,  1898. 
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From  September,  1807,  to  December,  1S<J7,  the  work  was  in  cliarKe 
of  Assistant  Engineer  E.  E.  Ilasicell,  to  wbom  eredit  is  due  for  the 
planning  of  the  work  and  methods  employed. 

From  July,  1898,  to  September,  1808,  the  work  was  in  charge  of 
Assistant  Engineer  F.  C.  Shenehon. 

The  writer  has  acted  as  subassistant  engineer  during  field  work  on 
these  dates,  and  at  intervals  between  has  been  in  charge  of  the  com- 
putations for  the  discharge  measurements. 

Since  September,  1808,  the  work  of  gauging  the  river  has  been  con- 
tinued by  the  United  States  Lake  Survey,  and  through  the  courtesy 
of  E.  E.  Haskell,  United  States  assistant  engineer  in  charge,  and  F.  C. 
Shenehon,  resident  engineer,  the  Board  has  been  furnished  with  some 
thirty-eight  discharge  measurements  and  considerable  data  as  to  liver 
slopes. 

THE  DISCHARGE   SECTION. 

The  discharge  section  was  located  on  the  line  of  the  guard  rail  on 
the  north  side  of  the  International  Bridge,  about  3  miles  below  the 
head  of  the  river.  The  location  of  the  section  and  its  relation  to 
other  parts  of  the  river  can  be  seen  on  the  map,  plates  14  and  84. 

The  bridge  is  a  single-track  railroad  bridge,  having  a  phmk  walk 
about  5  feet  wide  on  each  side  of  the  track.  This  afforded  a  favor- 
able opportunity  for  crossing  the  river  quickly  during  discharge  meas- 
urements and  ease  in  reaching  any  station  for  work  on  vertical  or 
transverse  curves. 

The  bridge  consists  of  nine  spans,  which  were  numbered  from  the 
American  shore  and  have  the  following  water  widths : 

Table  No.  1. 


Span  No. 

Water 
width. 

Width 
of  pier. 

^^-^o:                   Wat^ 

Width 
of  pier. 

1     

Feet. 
151. -> 
1.>1. 1 
1.W.2 
234.3 
236.8 
2*).  3 

Feet. 
19.0' 

•  a.'i.o 

13.0 
13.0 
13.0 

Feet. 
186.9 
1H4.:J 
138.3 

Feet. 
9  5 

8 ^ 

9 

Total  

10  0 

3 

17  0 

4 

5..             

l,e7B.6            129.5 

6 

Total  width  of  river=l,8(Jfl  feet. 


1  Pivot  pi«»r. 


The  piers  have  a  batter  on  the  sides  of  about  1 :  :.*4,  so  that  the  water 
widths  of  the  intermediate  spans  may  be  taken  as  ctmstant.  They 
have  a  length  of  about  35  feet,  with  a  cut  water  on  the  upstream  end, 
the  downstream  end  being  rectangular  in  form. 

Eddies  are  produced  by  the  piers  to  some  extent,  but  they  do  not 
extend  more  than  about  5  feet  from  the  pier  and  in  most  cases  the 
current  remains  practically  linear  and  with  about  the  same  amount 
of  fluctuations  as  near  the  middle  of  the  span.  It  is  thought  that  little 
error  has  been  introduced  from  this  source. 
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For  the  location  of  the  stations  on  the  discharge  section  the  sliorter 
spans,  Nos.  1,  2,  3,  7,  8,  and  9,  were  divided  into  eight  equal  parts  and 
the  longer  spans,  Nos.  4,  5,  and  6,  into  twelve  equal  parts,  thus  making 
the  distance  between  stations  about  20  feet.  These  stations  were 
marked  on  the  guard  rail  of  the  bridge,  each  station  being  designated 
by  the  fractional  eighth  or  twelfth  it  was  from  the  end  of  the  span.  In 
addition  to  these  stations  sounding  stations  were  established  at  points 
about  10  feet  apart  in  each  span. 

The  soundings  were  taken  with  a  41-pound  cast-iron  weight, 
attached  to  a  sash  chain,  in  the  swift  and  deeper  water  and  with  a 
25-pound  lead  in  the  shallower  water.  Tlie  depths  in  each  case  Avere 
measured  from  the  guard  rail,  the  elevations  of  tlie  guard  rail  having 
been  determined,  as  well  as  its  elevation  above  tlie  water  surface  for 
mean  river  stage. 

The  soundings  were  carefullj'  taken  on  each  set  of  stations  inde- 
pendently, and  any  discrepancy  shown  bj'  tlie  i^lotting  of  the  two 
sets  was  carefully  gone  over.  From  the  soundings  the  cross  section 
has  been  plotted  and  is  shown  in  plate  88. 

The  bed  of  the  river  is  formed  of  clay  on  the  American  shore  and 
rock  on  the  Canadian  shore.  No  attempt  was  made  to  determine  the 
character  of  the  bed  in  the  middle,  but  it  is  i^robable  that  it  is  of  clay. 
The  piers  in  the  deeper  water  liave  been  protected  by  heavy  riprap, 
extending  to  within  about  10  or  20  feet  from  the  water  surface. 

WATER   GAUGES. 

The  water  gauges  used  were  of  the  box-with-float  type.  These 
gauges  consist  of  a  pine  box  made  of  seven-eighths  inch  material,  7 
by  7  inches  in  cross  section  and  about  7  feet  long,  having  a  closed 
bottom  and  removable  cover.  These  boxes  are  placed  vertical,  with 
about  half  length  under  water.  On  the  face  of  the  box  and  under 
water  three  one-fourth  inch  holes  are  bored,  being  spaced  about  1 
foot  apart.  These  holes  allow  the  inflow  and  outflow  of  water  and 
secure  a  still-water  surface.  Floating  in  the  box  is  a  2-quart  bottle 
with  a  7-foot  staff  wedged  into  it  and  graduated  to  feet,  tenths,  and 
hundredths.  This  staff  extends  up  through  a  hole  in  the  cover,  and 
where  it  cuts  the  toj)  of  this  cover  is  called  the  index  j)oint  or  reading 
point.  The  sensitiveness  of  the  gauge  can  be  adjusted  by  opening 
or  closing  one  or  two  of  the  one-fourth  inch  holes.  The  zero  on  the 
Staff  is  marked  at  7  feet  from  the  water  surface  or  float  line,  with 
reading  increasing  downward  from  this  point,  the  object  being  to  have 
the  increasing  readings  on  the  staff  correspond  with  a  water  rise  in 
the  water  surface.  Having  the  elevation  of  the  index  point  and  read- 
ing on  the  staff,  the  elevation  of  the  water  surface  can  be  readily 
determined. 

In  September,  1897,  eight  of  these  gauges  were  established  along 
the  American  shore  between  the  lake  and  the  discharge  section  for 
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the  purpose  of  (U'lt'iiniiiiiii;^  the  sl()[)«'  ol'  llic  i-ivtT  in  llic  \aiioii.s 
reaches.  The  g{iiij>:es  were  iiunilx'red  from  1  to  8  and  their  locations 
are  shown  on  the  niai>  (plate  14).  Simultaneous  readings  were  made 
on  each  of  the  gaujjes  at  intervals  of  ten  minutes  from  7.30  a.  iti.  to 

0  p.  m. 

(iaufjfe  No.  1,  located  in  Erie  Basin,  was  intended  to  give  the  level 
of  Lake  Erie.  This  gauge  is  located  near  the  Government  standard 
gauge,  a  staff  gauge,  which  was  read  by  the  United  States  engineers 
at  Buffalo  between  1S87  and  18!»7. 

In  July,  1898,  additional  box-with-float  gauges  were  <'siMl>lisli<Mi  as 
follows:  1  L,  2  L,  2  A,  2  B,  and  2  C.     (See  plate  U.) 

Gauges  1  L  and  2  L  are  the  lake  gauges,  replacing  gauge  No.  1, 
which  had  not  proven  satisfactory.  These  gauges,  1  L  and  2  L,  are 
located,  respectively,  on  the  American  shore  and  Canadian  shore,  each 
about  2^  miles  from  the  head  of  the  river.  They  are  placed  well  out- 
side any  effect  from  the  river  current,  but  yet  not  so  far  as  to  intro- 
duce an  error  from  slope  in  lake  surface  resulting  from  wind. 

Gauges  2  A  and  2  B  are  between  gauges  Nos.  2  and  3;  gauge  2  C  is  on 
the  Canadian  shore  ojiposite  gauge  No.  2.  During  July  and  August 
the  13  gauges  were  read  at  ten-minute  intervals  throughout  the  day. 

OUTFIT   FOR   CURRENT   OBSERVATIONS. 

Heel. — The  meter  was  handled  by  means  of  a  reel  mounted  on  two 
wheels  and  provided  with  suitable  handle  bars,  so  that  it  could  be 
easily  moved  from  one  point  to  another.     The  reel  has  a  drum  about 

1  foot  long  and  exactly  5  feet  in  circumference,  measured  on  the 
center  line  of  the  three-eighths  inch  steel  wire  cable  which  winds  on  it. 
The  circumference  of  the  drum  is  divided  into  feet  and  tenths  of  feet, 
so  that  any  required  length  of  cable  can  easily -be  paid  out.  The 
drum  is  turned  by  suitable  hand  cranks  connected  to  the  drum  by 
gearing  at  the  ratio  of  about  G  to  1,  so  that  weights  of  from  200  to  300 
pounds  can  be  easily  handled.  From  the  drum  the  cable  leads  over 
a  guiding  sheave  placed  so  that  the  cable  leading  to  the  water  will 
clear  the  guard  rail  of  the  bridge  and  pass  between  the  eye  bars. 

Current  meters  and  recording  device. — The  current  meters  used  \\  ere 
of  the  Haskell  form,  which  belong  to  the  screw  or  propeller  type,  and 
are  electric  recording.  The  battery  to  generate  the  electric  current 
is  carried  in  a  box  on  the  reel.  From  the  battery  the  curi'ent  passes 
through  the  electric  magnet  of  the  recorder,  then  to  an  insulate<l  wire 
on  the  interior  of  the  cable  by  means  of  a  spring  pressing  against  a 
brass  ring  on  one  end  of  the  drum  and  to  whieh  the  insulated  wire  is 
connected.  In  the  meter  wheel  and  revolving  with  it  are  two  semi- 
disks,  one  of  India  rubl)er  and  one  of  platinum.  The  insulated  wire 
is  connected  to  a  contact  spring,  which  presses  alt<'rnat<'ly  against  the 
platinum  and  India  rubber  as  the  meter  wheel  revolves.  The  return 
circuit  is  made  by  means  of  the  metal  of  the  cable.     In  this  way  the 
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circuit  is  alternately  made  and  broken  at  each  revolution  of  tlie  meter 
wheel,  and  then,  by  means  of  the  electro-magnet,  the  i-evolutions  are 
recorded  at  the  surface.  A  stop  watch  is  also  included  in  the  circuit 
and  so  arranged  that  the  starting  of  the  stoj)  watch  comi)letes  the  cir- 
cuit and  stopping  the  watcli  breaks  the  circuit. 

The  following  is  a  list  and  description  of  the  current  meters  used : 

1.  Current  meter.  Form  E,  No.  1,  high  and  low  pitch  wheels.  This 
meter  has  a  length  of  10  inches;  diameter  of  wheel,  4  inches;  weight 
of  meter,  2f  pounds;  weight  of  lead  weight,  20  pounds. 

2.  Direction  current  meter,  Form  A,  No.  12,  low-pitch  wheel.  Length 
of  meter,  30  inches;  diameter  of  wheel,  7^  inches;  weight  of  meter,  30 
pounds;  weight  of  lead  weight,  65  pounds.  The  wheel  of  this  meter 
is  extremely  sensitive,  and  will  register  accurately  velocities  from  0.25 
foot  per  second  to  10  feet  per  second.  In  the  center  of  the  meter  is  a 
chamber  about  12  inclies  long  filled  with  oil.  In  this  chamber  a  mag- 
netic needle  is  suspended  and  is  free  to  assume  the  magnetic  meridian. 
By  means  of  a  make-and-break  circuit  in  the  chamber  and  a  corre- 
sponding make-and-break  circuit  on  the  surface  the  direction  of  the 
current  can  be  measured  with  a  probable  error  of  about  ±  2°.  For 
a  more  complete  description  of  the  direction  part  of  this  meter  see 
page  304. 

3.  Current  meter.  Form  B.  The  discharge  measurements  made  by 
the  United  States  Lake  Survey  and  furnished  to  the  Board  were  all 
taken  with  a  Haskell  current  meter.  Form  B.  This  meter  only  differs 
from  the  direction  meter  A  in  the  omission  of  the  direction  jjart.  It 
is  a  very  reliable  meter  and  well  adapted  to  work  in  swift  currents. 

RATING   OF   CURRENT  METERS. 

The  field  observations  of  October,  November,  and  December,  1897, 
were  made  with  meters  E,  No.  1,  high  and  low  pitch  wheels,  and  with 
direction  meter  A,  No.  12. 

These  meters  were  rated  at  the  City  Park,  Buffalo,  N.  Y.,  October 
23-27,  1897. 

A  small  catamaran  was  rigged  with  the  meter  about  5  feet  in  front 
of  the  boat  and  2^  feet  under  the  water.  A  No.  15  steel  wire,  on  which 
a  length  of  base  of  300  feet  was  accurately  laid  off,  was  stretched 
across  a  suitable  part  of  the  lake  where  the  water  was  at  least  5  feet 
deep.  This  wire  was  floated  by  small  blocks  of  wood.  A  five-eighths- 
inch  rope  was  then  stretched  parallel  to  the  base  and  about  5  feet 
from  it.  Three  men  astride  this  rope  then  pulled  the  catamaran  from 
one  end  of  the  base  to  the  other  at  as  uniform  a  speed  as  possible. 
The  electric  recorder  and  stop  watch  were  started  at  the  instant  of 
passing  the  zero  mark  of  the  base  and  stopped  at  the  instant  of  pass- 
ing the  300-foot  mark.  The  observation  was  repeated  with  the  boat 
going  in  the  opposite  direction,  so  as  to  be  able  to  eliminate  any  effect 
from  current  if  it  should  exist.     From  the  revolutions  of  meter  wheel, 
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time  interval,  and  lenjrth  of  base  the  quantities,  revolutions  per  sec- 
ond, and  velocity  of  boat  in  feet  per  second  are  obtained. 

Before  any  ri^id  reductions  of  the  observations  were  made  these 
points  were  platted  on  cross-section  paper,  usinj;  velocity  in  feet  per 
second  as  ordinates  and  revolutions  per  second  as  abscisste.  Should 
any  point  differ  from  the  mean  line  by  an  amount  which  showed  tliat 
an  error  had  been  introduced  from  some  source,  it  was  rejected. 
The  renuiinini;-  observations  were  treated  by  the  rigid  method  of  least 
squares.  If  a  straight  line  seemed  to  fit  the  platted  points,  the  linear 
form  y^^a-\-hx  was  assumed.  If  there  wasan  indication  that  a  curve 
would  be  preferable,  the  form  of  the  jjarabola,  with  axis  verti(»al, 
y=r-.a+h,v-\-cj^  was  assumed.  An  observation  equation  was  then 
formed  from  each  of  the  observations,  x  and  y  being  the  observed 
quantities  and  a,  h,  and  c  the  unknowns.  The  normal  equations  are 
then  written  from  tliese  observation  equations  and  solved  for  the 
quantities  a,  b,  and  c. 

The  following  table  shows  the  reductions  of  the  rating  observations 
made  at  City  Park,  Buffalo,  N.  Y.,  October  23-27,  1897: 


Current  meter. 

Number 
of  obser- 
vations 
used. 

Number 
of  obser- 
vations 
rejected. 

Rating  equation. 

Range  in 
observa- 
tion ve- 
locity. 

E*rol}able 
error  of 
single  ob- 
servation. 

Form  E,  No.  1: 

Low-pitch  wheel 

High-pitch  wheel 

26 
28 
32 

1 
2 

2/=-f0.334-f0.894x-t-0.067x«.... 
j^=-l-0.151-l-1.896a--i-0.06lj-».... 
i/=0.216-f-1.217x 

Foot-sees. 
0.50—3.70 
0.80-8.20 
0.40—6.30 

Foot-sees. 
-t-0.060 
-f0.u72 
-f  0.048 

12. 

Meters  K,  low  and  high  pitch  wheels,  were  used  during  the  month 
of  October,  18!)7,  previous  to  the  arrival  of  direction  meter  A,  No.  12. 

Meter  E,  low-pitch  wheel,  is  intended  for  measuring  low  velocities, 
so  the  range  of  velocities  for  rating  was  not  carried  higher  than  about 
3.70  feet  per  second.  It  has  been  used  for  measuring  velocities  in  the 
vertical  and  transverse  curves  in  spans  Nos.  1  and  2,  the  velocity  not 
exceeding  about  3  feet  per  second. 

The  probable  error  of  a  single  observation  fjom  the  rating  observa- 
tions is  iO.OGO  foot  per  .second. 

Meter  E,  high-pitch  wheel,  will  measure  high  velocities,  hut  on 
account  of  its  light  weight  it  could  not  be  used  in  the  swift  currents, 
as  it  would  be  carried  too  far  below  the  discharge  section.  It  has  been 
used  in  measuring  velocities  in  the  vertical  and  transverse  curves  in 
spans  Nos.  1,  2,  8,  and  9,  the  velocity  not  exceeding  about  5  feet  per 
second.  The  pi'obal)le  error  of  a  single  oljservation  is  ±0.072  foot  per 
second.  Direction  meter  A,  No.  12,  is  a  very  reliable  meter,  and  is 
suited  to  both  high  and  low  velocities.  It  has  been  used  in  the  greater 
part  of  the  work  in  measuring  velocities  for  vertical  curves,  trans- 
verse curves,  aud  diseliargo  measur<Mnents.  The  probiible  error  of  a 
single  observation  is  ±0.048  foot  per  second. 
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The  field  observations  of  July  and  ^August,  1898,  were  made  for  the 
most  part  with  meter  A,  No.  12,  a  few  being  made  with  meter  E,  high- 
pitch  wheel,  in  spans  Nos.  1,  2,  8,  and  0.  For  this  work  careful  rerat- 
ings  of  these  two  meters  were  made  in  the  city  reservoir,  Buffalo,  N.  Y. 
The  reservoir  is  rectangular  in  shape,  about  400  feet  by  600  feet,  with 
paved  sides  and  bottom,  the  sides  having  a  slope  of  1  on  2.  The  res- 
ervoir is  in  direct  connection  with  the  water  mains,  but  is  only  drawn 
from  in  case  of  a  sudden  draft,  as  for  fire  purposes.  An  automatic 
gauge  is  maintained,  so  that  any  lowering  of  the  surface  and  resulting 
development  of  currents  from  this  source  would  be  shown.  Sliglit 
currents  were  developed  by  the  wind,  but  when  it  was  calm  tlie  water 
was  perfectly  quiet. 

A  ;500-foot  base  was  selected  parallel  to  one  side,  where  the  water 
was  about  0  feet  deep.  This  base  was  marked  on  a  No.  15  steel  wire 
and  floated  in  position  by  wooden  blocks.  A  rowboat  was  arranged 
so  as  to  carry  the  meter  about  5  feet  in  front  of  tlie  boat  and  3  feet 
under  water.  The  observer  sat  in  the  bow  of  the  boat  near  the  record- 
ing apparatus  and  was  able  to  see  the  meter  at  all  times.  Another 
man  sat  in  the  stern  of  the  boat  and  kept  it  parallel  to  the  base.  The 
boat  was  pulled  back  and  forth  along  the  base  by  means  of  suitable 
lines  leading  to  the  shore,  a  long  pole  being  used  at  the  bow  to  keep 
the  boat  in  the  required  position.  In  order  to  make  the  mo.vement 
of  the  boat  uniform  a  base  was  laid  out  on  shore  parallel  to  the  base 
on  the  water  and  with  marks  at  each  50  feet. 

The  intervals  of  time  in  going  over  the  first  50  feet  were  noted,  and 
at  the  successive  equal  time  intervals  some  sign  was  given,  so  that  the 
speed  of  the  boat  could  be  increased  or  decreased  accordingly. 

The  observations  were  reduced  by  the  rigid  method  of  least  squares, 
as  already  described.  The  results  of  the  ratings  on  these  two  meters 
are  shown  below. 

Meter  E,  high-pitch  ivheel,  August  26,  1898. — It  was  found  that  the 
observations  having  a  velocity  exceeding  1^  feet  per  second  plotted 
in  a  straight  line.  Accordingly  a  linear  equation  has  been  deduced 
from  the  observations  above  this  point,  while  below  a  curve  has  been 
sketched  in. 

Number  of  observations  =  30. 

Number  of  observations,  velocity  below  lA  feet  per  second  =  3. 

Number  of  observations  used  in  reductions  =  27. 

Rating  equation  y  =  -0.026+3.064r. 

Range  in  observed  velocity  =  (0.60—7.30)  feet  per  second. 

Probable  error  of  a  single  observation  =  j^O.043  feet  per  second. 

Direction  meter  A  No.  12,  July  15,  1898. — In  this  rating  a  current, 
from  wind,  of  about  0.15  foot  per  second  and  ver^-  nearly  constant, 
was  found  to  exist  parallel  to  the  base.  The  observations  plotted  in 
two  very  good,  straight  lines,  one  for  each  direction  of  movement  of 
the  boat.     The  rating  equation  was  determined  by  two  methods. 

1.  The  equations  of  the  two  lines  were  obtained  by  the  method  of 
least  squares,  by  treating  the  observations  from  each  direction  inde- 
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pendeiitly.  A  line  bisecting?  the  angle  between  these  two  linos  was 
taken  as  the  rating  line.  This  method  assumes  the  current  to  be  con- 
stant or  varying  uniformly  during  The  rating  observations. 

'2.  The  observations  were  divided  into  paiif»,  eacli  pair  consisting  of 
consecutive  observations,  one  in  each  direction.  The  mean  of  the 
velocities  and  revolutions  per  second  of  each  pair  ai'e  taken  as  a  single 
observation,  and  fi'oin  these  the  rating  line  obtained  b}'  the  metluxl  of 
least  squares.  In  this  way  the  current  is  only  assumed  to  be  constant 
during  two  consecutive  observations. 

The  rating  lines  obtained  by  the  two  methods  give  velocities  agree- 
ing within  about  0.01  foot  per  second.  The  second  method  is  consid- 
ered the  better  one  of  the  two,  and  is  the  one  adopted. 

Tlie  results  of  the  reductions  are  shown  below: 

Number  of  pairs  of  observations  =  17. 

Rating  equation  y  =r+0.11G  +  1.208.<\ 

Range  in  observed  velocities.  0.70  to  8.20  feet  ■per  second. 

Probable  error  of  a  single  observation  =^0.027  foot  per  second. 

This  meter  had  been  returned  to  the  manufacturer  during  the  win- 
ter of  1898,  and  the  blades  of  the  wheel  had  been  reshaped,  so  the 
above  rating  equation  is  slightly  different  from  the  one  obtained  in 
1897. 

Summary  and  comparison  of  meter  ratings. 

METER  E  NO.  1,  LOW-PITCH  WHEEL. 


Place  and  date. 


Velocity*  feet  per  second  corresponding 
to  revolutions  per  second). 


City  Park.  Buffalo,  N.Y.,    j/= +0. 334+0. 8»4x+0.  U67j-«  .. 

Octol)er.  1X97.  1 

SanltSte.  Marie,  Mich.,  I  j/-+0.378+0.8l3ar+0.08ara  .. 

March,  1896.  > 


0.0      0.5  i   1.0      1.5   I  2.0      2.R 
foot-  foot-  foot-  foot-  foot-  foot- 
sec-    sec-  1  sec-     sec-  j  sec-    sec- 
ond,   ond.    ond.  londa.  onds.  onds. 


3.0 
foot- 
sec- 
onds. 


0.33  I  0.80     1.30. 
.38  {  0.81  I  L27 


1.83 
L7j> 


2.39    2.09 
2.34  i  2.93 


3.62 
3.56 


'  See  report  of  E.  E.  Haskell,  United  States  assistant  engineer,  on  discharge  of  the  St.  Marys 
River,  report  of  Chief  of  Engineers  1897,  page  40S«i. 

This  meter  has  been  used  in  measuring  velocities,  in  vertical  and 
transverse  curves,  the  velocity  not  exceeding  3  feet  per  second. 

METER  E  NO.  1,  HIGH-PITCH  WHEEL. 


Place  and  date. 


Rating  equation. 


City  Park,  Buffalo,  N.  Y.  y-    0.15  -(- J. 896* -(-0.061  j-»  . 

October,  lMt7. 

City  reservoir.  Buffalo,  i/=-aOB6-f-2.0Wj- 

N.  Y.,  AuKHst.lM».s 


H.  Doc.  149- 


-20 


Velocity  (feet  per  second  corre- 
sponding to  revolutions  per  sec- 
ond;. 


0.0 
foot- 

1  0.5 
foot- 

1.0 

foot- 

1   15 

foot- 

1  8.0 
foot- 

1  2.5 
foot- 

sec- 
ond. 

sec- 
ond. 

sec- 
ond. 

sec-     sec-     sec- 
onds, onds..  onds. 

aoo  1 1.11 

.so    1.06 


&I1  Iai8l  4.19 
S.0t    8.07  14.10 


5.27 
5.14 
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This  meter  has  been  used  in  measuring  velocities  in  vertical  and 
transverse  curves,  the  velocity  not  exceeding  5,25  feet  per  second. 
The  rating  lines  for  this  meter  for  velocities  below  1^  feet  per  second 
have  been  sketched  in  by  eye  from  plotted  observations,  so  the  rating 
equations  given  do  not  apply  below  this  limit. 

DIRECTION  METER  A  NO.  12. 


Place  and  date. 


City  Park,  Buffalo,  N.Y., 

October,  1897. 
City  reservoir,  Buffalo, 

N.Y.,July,  1»98. 


Rating  equation. 


j/=0. 216+1. 217x. 
//=0. 116+1. 208a-. 


Velocity  (feet  per  second  corresponding  to 
revolutions  per  second). 


0.0 
foot- 
sec- 
ond. 


0.22 
.12 


1.0   2.0 
foot- 1  foot- 
sec-  I  sec- 
ond, onds. 


1.43 
1.32 


2.65 
2.53 


3.0 

4.0 

.VO 

6.0       7.0 

foot- 

foot- 

foot- 

foot-  foot- 

sec- 

sec- 

sec- 

sec-    sec- 

onds. 

onds. 

onds. 

onds,  onds. 

3.87 

5.06 

6.30 

7.52 

8.73 

3.74 

4.95 

6.16 

7.37 

8.57 

In  making  the  comparison  of  the  ratings  of  this  meter  it  should  be 
remembered  that  the  meter  wheel  had  been  altered  between  the  two 
sets  of  observations.  It  has  been  used  in  the  more  important  vertical 
and  transverse  curves  and  in  the  discharge  measurements.  The 
maximum  velocitj'  was  about  8  feet  per  second.  In  all  cases  the  field 
observations  with  each  meter  have  been  reduced  by  the  rating  equa- 
tion determined  during  the  corresponding  year. 

METER   OBSERVATIONS. 

As  already  stated,  the  shorter  spans  were  divided  into  8  equal  parts 
and  the  longer  spans  into  12  equal  parts,  the  stations  being  designated 
by  the  fractional  eighths  or  twelfths  from  one  end  of  the  span. 

Observations  for  discharge. — The  general  method  of  proceeding  in 
taking  a  discharge  measurement  is  to  measure  the  velocity  at  some 
percentage  of  the  depth  at  stations  on  the  cross  section,  passing  from 
one  to  another  as  rapidly  as  possible.  The  stations  were  called  meter 
stations,  and  were  about  80  feet  apart.  In  the  short  spans  thej^  were 
located  at  the  stations  f  and  f ,  and  in  the  longer  spans  at  the  sta- 
tions -f^,  -f%,  and  If.  In  this  way  each  observation  represented  a 
width  of  river  corresponding  to  one-half  or  one-third  of  the  span,  and 
was  located  in  the  middle  of  that  part.  As  the  general  shape  of  the 
cross-section  of  each  span  is  somewhat  triangular,  in  order  to  reduce 
the  observed  velocity  to  mean  velocity  it  was  necessary  to  have  a 
system  of  vertical  curves,  showing  the  variation  of  the  velocity  in  a 
vertical  plane,  and  a  system  of  transverse  curves,  showing  the  varia- 
tion of  velocity  as  we  cross  the  river.  The  combination  of  the  two 
sets  of  curves  gives  a  coefficient  which,  multiplied  by  the  observed 
velocity,  gives  mean  velocity.  This  mean  velocity,  multiplied  by  the 
area  of  the  corresponding  one-half  or  one-third,  gives  discharge. 

x\ll  of  the  observations  for  discharge  were  made  at  the  y^-depth 
point.     This  ratio  j^  depth  was  adopted,  as  it  seemed  the  one  best 
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suited  to  the  conditions.  The  bridge  being  about  22  feet  above  the 
water  surface,  and  the  current  swift,  it  was  impossible  to  prevent  the 
meter  from  being  carried  downstream.  The  form  of  the  vertical 
curve  at  the  point  -^^  of  the  depth  is  very  nearly  vertical,  so  that  a 
slight  error  in  the  location  of  the  meter  from  the  -^  position  would 
not  have  much  effect  on  the  velocity.  The  ^-depth  point  spoken  of 
is  not  located  exact!}'  at  a  distance  below  the  surface  of  -^  depth  of 
water,  but  is  determined  as  follows:  Observations  at  the  surface  must 
be  taken  with  the  meter  wheel  1  foot  below  the  water  surface,  so 
as  to  have  the  lashing  of  the  cable- to  the  meter  immersed.  Observa- 
tions at  the  bottom  must  have  the  lead  weight  slightly  clear  of  the 
bottom.     This  would  place  the  meter  wheel  li  feet  above  the  bottom. 

The  intervening  space  (depth  —  2|  feet)  is  divided  into  ten  equal 
parts,  and  the  points  of  division  are  spoken  of  as  the  respective  tenths 
of  the  depth.  From  this  it  is  seen  that  the  ^-depth  point  is  located 
at  a  distance  below  the  surface  of  ^  (D  —  2^)  +  1,  where  D  repre- 
sents depth  of  water  in  feet. 

This  expression  was  evaluated  for  each  station,  using  the  depths 
corresponding  to  an  approximate  mean  river  stage.  The  correction 
on  account  of  change  in  stage  will  be  ±  ^^^  X  (change  of  stage  in 
feet). 

In  the  swifter  current  of  about  6  feet  per  second  and  with  the 
meter  at  ^  depth,  it  will  be  carried  downstream  from  12  to  14  feet, 
the  meter  cable  making  an  angle  from  the  vertical  of  about  25°; 
so  that  in  order  to  place  the  meter  at  the  ^V-depth  point  a  relation 
must  be  obtained  between  the  vertical  distance  and  the  slant  distance 
below  the  water  surface.  To  do  this,  observations  were  made  at  each 
station  for  the  angle  of  the  cable  from  the  vertical  when  the  meter 
was  approximately  at  the  ^V^^^ptli  point  and  the  river  about  at  mean 
stage.  This  angle  was  measured  by  means  of  a  board  having  a  grad- 
uated quadrant,  and  being  held  alongside  of  the  cable  at  a  point  just 
below  the  lower  chord  eye  bars  of  the  bridge,  the  cable  being  free 
below  this  point. 

The  lower  chord  eyebars  of  the  bridge  are  approximately  22  feet 
above  the  water  surface  when  the  river  is  at  mean  stage.  Then,  start- 
ing with  the  meter  wheel  at  the  water  surface,  the  amount  of  cable 
to  pa}'  out  to  place  the  meter  at  the  ^V-^i^Ptli  point  is  given  by  the 
equations: 

Amount  of  cable  to  pay  out  to  place  meter  at  ^  depth  =  L  = 
22  (sec  a:-l)-f  [t3j.(D-2^)-H1]  sec  x; 
where  x  represents  the  angle  of  the  cable  from  the  vertical,  and  D  the 
depth  of  water  in  feet.     This  method  assumes  that  the  cable  con- 
tinues in  a  straight  line  under  the  water  surface  instead  of  a  slight 
curve. 

In  order  to  determine  the  error  from  this  assumption,  and  others  of 
a  like  nature — explained  later — the  curve  of  the  cable  under  water 
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and  under  different  conditions  has  been  traced  graphically      This  has 
been  done  as  follows : 

The  pressure  of  the  current  on  the  meter  was  determined  by  lower- 
ing the  meter  wheel  1  foot  under  water  and  measuring  the  v(irtical 
angle  x  of  the  cable;  then  the  pressure  on  tlie  meter  equals  weight 
under  water  multiplied  by  tan  x.  The  velocity  was  also  observed, 
and  from  a  number  of  such  observations  a  very  good  curve  showing- 
relation  of  velocit}'  and  pressure  on  meter  was  obtained.  After  each 
of  the  observations  for  pressure  on  meter  was  completed  an  additional 
5  feet  of  cable  was  paid  out  and  the  vertical  angle  of  the  cable  again 
measured.  The  tangent  of  this  angle  multiplied  by  weight  under 
water  gives  the  pressure  on  the  meter  and  5  feet  of  cable.  The  law 
for  the  pressure  on  the  meter  being  known,  the  pressure  on  the  5  feet 
of  cable  is  easily  computed,  and  from  a  number  of  such  observ^ations 
the  law  for  the  pressure  on  the  cable  obtained. 

Then,  starting  with  the  known  weight  of  meter  and  measured  or 
assumed  velocities,  we  can  trace  grapliically  the  curve  of  the  cable 
under  water.  A  check  on  the  graphical  work  is  obtained  by  compar- 
ing the  vertical  angle  at  the  surface  with  the  measured  vertical  angle. 

At  mean  river  stage  the  error  from  assuming  the  cable  to  continue 
straight  under  the  water  surface,  and  in  placing  the  meter  at  the  fV 
depth  by  the  formula  given  for  L,  amounts  to  about  0.4  foot  under 
the  most  unfavorable  conditions,  the  meter  being  too  low  by  this 
amount.  The  vertical  depths  and  corresponding  values  of  L  were 
worked  out  and  tabulated  for  each  of  the  stations. 

The  correction  to  L  on  account  of  change  of  stage,  assuming  x  to 
remain  constant  and  taking  a  as  representing  the  change  of  stage  in 
feet,  would  be : 

Correction  to  L  =  =p  a  (sec  x  —  \)  ±  -j^^  a  sec  x, 
when  the  upper  signs  are  used  for  a  high  stage  and  the  lower  signs 
for  a  low  stage. 

As  the  limiting  value  of  a  was  about  1|  feet  and  of  x  about  25°, 
this  correction  has  been  taken  as  ±  yV  «• 

In  order  to  determine  the  error  from  assuming  x  to  remain  constant 
at  all  stages,  and  of  the  cable  to  continue  straight  under  the  Avater 
surface,  graphical  analyses  have  been  made  where  extreme  conditions 
have  been  assumed.     The  following  results  were  obtained: 

1.  The  river  being  1^  feet  above  mean  stage  and  the  v^elocity  about 
8  feet  per  second,  according  to  the  formula  as  used,  the  meter  would 
be  1.25  feet  above  the  ^^  depth. 

2.  The  river  being  1^  feet  below  mean  stage  and  the  velocity  about 
5  feet  per  second,  according  to  the  formula  as  used,  the  meter  would 
be  1.25  feet  below  the  y^-depth  point. 

The  depth  of  water  at  the  point  considered  is  about  53  feet,  so  the 
variation  from  the  f^-depth  point  amounted  to  only  about  2  per  cent 
of  the  depth.     It  will  be  seen  later  that  observations  at  extreme  high 
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and  low  stages  have  not  been  used  in  the  final  reductions.  For  the 
observations  used  it  is  probable  that  the  variation  from  the  ,V  depth 
has  not  exceeded  0.75  foot. 

In  taking  an  observation  for  discharge,  the  meter  is  placed  at  tlie 
t\  depth,  according  to  the  method  prescribed.  The  stop  watch  and 
recorder  are  then  started  and  allowed  to  continue  for  an  interval  of 
100  seconds,  and  the  number  of  revolutions  made  are  noted.  In  this 
way  all  the  meter  stations  are  occupied  consecutively  from  one  shore 
to  the  other  and  as  rapidly  as  possible.  The  length  of  time  occupied 
in  taking  a  complete  discharge  measurement  was  usually  about  two 
hours. 

Observations  for  vertical  curves. — Vertical  curves  were  taken  at 
each  of  the  meter  stations  or  stations  occupied  in  a  discharge  measure- 
ment. In  addition  to  these,  a  few  curves  were  taken  at  each  of  the 
f  stations  of  the  short  spans.  In  the  vertical  curves  the  velocity  was 
measured  at  each  tenth  of  the  depth,  the  meter  being  placed  at  these 
points  in  the  following  manner:  Starting  with  the  bottom  of  the  lead 
weight  at  the  water  surface,  the  meter  was  lowered  until  the  lead 
weight  touched  the  bottom,  a  record  being  kept  of  the  amount  of  cable 
paid  out.  This  length,  less  2|  feet,  was  divided  into  ten  equal  parts, 
and  each  part  taken  as  the  amount  of  cable  to  take  up  in  order  to  raise 
the  meter  ^  part  of  the  depth. 

The  first  observation  was  made  with  the  lead  weight  just  clearing 
the  bottom.  The  other  observations  were  then  taken  consecutively 
at  each  tenth  of  the  depth,  from  the  bottom  upward,  the  last  obser- 
vation, called  the  surface,  being  with  center  of  the  meter  wheel  1  foot 
below  the  surface. 

In  ordej'  to  prevent  the  meter  from  being  carried  too  far  downstream, 
sleeve  weights  of  cast  iron  were  attached  to  the  cable.  These  sleeve 
weights  were  '2%  inches  in  diameter,  18  inches  l«»ng,  and  weiiilnMl  20 
pounds. 

In  spans  Nos.  4,  5,  and  0,  live  of  these  sleeve  weights  were  used,  the 
lower  one  being  attached  10  feet  above  the  meter  wheel  and  the 
others  directly  above,  with  spaces  of  H  inches  between. 

A  graphical  analysis  of  the  curve  of  the  cable,  showing  the  position 
of  the  meter  at  the  tenths  of  the  depth,  has  been  made.  The  result 
has  shown  that  this  method  of  placing  the  meter  has  been  amply  close, 
the  largest  variation  from  the  true  position  being  at  the  /',,  depth, 
where  the  meter  was  about  1  foot  too  high. 

At  each  observation  the  time  interval  was  taken  as  Go  seconds;  so 
the  time  occupied  in  taking  a  complete  vertical  curve  was  about  15 
minutes.  It  was  the  practice  to  take  about  3  complete  vertical  curves 
at  one  station  before  moving  to  the  next.  From  8  to  10  vertical  curves 
were  taken  at  each  of  the  meter  stations  to  form  a  mean  vertical 
curve. 

Observations  for  transverse  curves. — In  observing  for  transvei'se 
curves  the  meter  is  placed  at  the  ^  depth  point  in  the  same  manner 
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as  in  observing  for  a  discharge.  The  observations  were  made  in  reg- 
ular order  at  all  stations,  including  those  at  the  ends  of  the  spans. 
From  6  to  10  transverse  curves  were  taken  in  each  span  to  form  a 
mean  transverse  curve.  The  length  of  time  required  to  observe  a 
transverse  curve  of  one  span  was  from  30  to  45  minutes. 

Observations  for  direction  of  current — Observations  for  direction  of 
the  current  were  taken  at  each  observation  in  connection  witli  about 
5  complete  transverse  curves  and  at  all  the  meter  stations  in  the  case 
of  about  10  discharge  measurements.  The  observation  consists  in 
recording  the  azimuth  of  the  direction  in  which  the  current  flows  by 
means  of  the  direction  part  of  the  meter.  The  meter  was  given  about 
one  minute  to  assume  a  settled  position.  Then  the  make-and-break 
circuits,  one  in  the  meter  chamber  and  one  on  the  surface,  were  started. 
The  one  on  the  surface  rei)roduces  by  an  index  the  arc,  at  any  instant, 
through  which  a  traveling  point  in  the  meter  chamber  has  moved  from 
the  plane  in  which  the  meter  stands.  On  reaching  tlie  plane  of  the 
magnetic  needle  the  circuit  is  finally  closed  by  the  moving  point 
striking  against  the  lug  on  the  needle.  The  reading  of  the  index  is 
then  the  azimuth  of  the  direction  of  the  current. 

Tlie  direction  was  practically  constant  between  the  |  and  |  stations 
of  the  short  spans  and  between  the  ^^  and  |f  stations  of  the  long 
spans.  Next  to  the  piers  the  direction  was  somewhat  variable,  and 
the  meter  would  swing  through  an  angle  of  10°  or  15°.  In  such  cases 
the  mean  of  several  determinations  was  taken  as  the  direction. 

Observations  for  the  mean  direction  of  flow  of  the  river.— In  order 
to  determine  the  mean  direction  of  flow  of  the  river  three  dis- 
charge measurements  were  selected,  in  which  the  direction  of  the 
current  for  each  of  the  meter  stations  had  been  observed,  and  when 
the  direction  part  of  the  meter  had  worked  very  satisfactorily.  This 
gave  tliree  sets  of  twentj^-one  readings  each,  and  at  distances  of  about 
80  feet  apart.  The  maximum  range  in  direction  of  the  current  in  any 
one  of  the  sets  was  about  10°.  The  mean  of  the  three  sets  gave  an 
azimuth  of  187°  from  the  magnetic  south  as  the  mean  direction  of 
flow  of  the  river.  The  variation  of  the  mean  direction  at  any  point 
from  the  mean  direction  of  tlie  whole  river  would  not  exceed  2°  or  3°. 

Observations  for  the  direction  of  the  normal  to  the  bridge  or  to  the 
line  of  the  discharge  section. — In  these  observations  the  meter  was 
placed  on  the  ground  and  lined  parallel  with  the  cross  ties.  About 
20  observations  were  made  at  each  end  of  the  bridge.  The  mean  of 
40  observations  give  the  azimuth  of  the  normal  to  the  discharge  sec- 
tion at  185.1°. 

From  this  it  will  be  seen  that  the  mean  direction  of  flow  of  the 
river  is  2°  to  the  right  from  the  normal  to  the  discharge  section,  and 
that  the  mean  direction  of  flow  and  the  discharge  section  are  practi- 
cally at  right  angles. 

In  the  case  of  the  individual  discharge  measurements  no  correc- 
tions were  necessary  to  the  measured  velocities  on  account  of  the 
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direction  of  the  current.  In  the  case  of  the  transverse  curves,  tlie 
velocities  at  stations  near  the  piers  liave  been  corrected  by  multiply- 
ing them  by  the  cosine  of  the  angle  from  the  mean  direction  of  flow 
of  the  river. 

REDUCTION  OF  OBSERVATIONS. 

Area  of  cross  section. — The  partial  areas  for  the  one-half  and  one- 
third  part  of  span  were  computed  for  each  tenth  of  a  foot  elevation 
of  water  service  at  the  discharge  section,  and  covering  the  range  of 
the  discharge  measurements.  The  following  table  gives  these  partial 
areas  for  an  elevation  of  567  feet  above  mean  tide  at  New  York : 

Table  No.  2. — Area  of  cross  section  at  bridge. 
[Elevation  of  water  surface =567.] 


Span 
No. 

third.       *^i^^- 

West 
half  or 
third. 

Total. 

1 
2 
3 
4 
5 
ft 
7 
8 
9 

Sq.  feet. 
495 

Sq.  feet. 

Sq.  feet. 
761 
901 

Sq.feet. 
1,258 
1.708 

2,Uo8 

2, 120  '      4. 178    1 

2,718 
3,198 
2,522 
1,825 

;C8 

8,985 
3.100 
2,735 

3,199 
2,743 
1,552 
1,834 
1,235 
110 

9,902 
9,041 
6,809 
3,649 
2,598 
488 

Total  area,  39,629. 

Vertical  curves  and  ti'ansverse  curves. — A  mean  vertical  curve  is 
formed  from  the  8  or  10  individual  curves  by  averaging  the  velocities 
of  each  tenth  of  the  depth.  This  curve  is  then  plotted  by  using 
depths  and  velocities  as  coordinates.  The  average  velocity  is  obtained 
by  dividing  the  area  by  depth  of  water.  The  ratio  of  this  average 
velocity  to  the  average  of  the  observed  velocities  at  -^  depth  is  called 
the  coeflBcient  for  the  vertical  curves  at  this  station.  Then  observed 
velocit}^  at  f*-  depth  multiplied  by  coefficient  gives  average  velocity. 
This  coefficient  strictly  only  holds  within  the  range  of  river  stage 
covered  by  the  individual  vertical  curves.  In  all  discharge  measure- 
ments to  date  it  has  been  assumed  that  for  moderate  changes  of 
stage  the  coefficient  will  remain  constant.  The  observations  we  liave, 
while  not  proving  or  disproving  the  assumption,  yet  tend  greatly  to 
strengthen  it.  If  the  velocities  in  a  vertical  plane  vary  from  some 
cause  it  is  noticeable  that  at  points  located  by  percentages  of  the 
depth,  the  velocities  Avill  vary  in  the  same  proportion.  The  change  of 
form  of  the  vertical  curve  is  shown  V)y  the  accompanying  sketch  (tig.  1). 

The  full  line  a  h  c  d  represents  the  original  vertical  curve. 

First.  Assume  the  velocities  at  percentages  of  the  depth,  as  at  10th, 
to  remain  constant  while  the  depth  increases,  the  curve  taking  the 
form  a'  h'  c  d.  In  this  change  tlie  area  and  depth  will  increase  in  the 
same  ratio,  so  the  average  velocity  and  coefficient  will  remain  the  con- 
stant. 
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Second.  Assume  the  depth  to  remain  constant  and  all  the  veloci- 
ties to  increase  in  the  same  proportion,  the  curve  taking  the  form 
a'  h"  d  d.  In  this  change  the  average  velocity  will  increase  in  the  same 
proportion  as  the  individual  velocities,  so  the  coefficient  will  remain 
constant.  Then  we  have  the  following  assumption  in  regard  to  ver- 
tical curves: 

In  the  vertical  plane,  velocities,  located  by  percentages  of  depth, 
vary  in  the  same  proportion,  and  as  a  result  the  coefficient  for  ver- 
tical curves  will  remain  constant. 

As  the  mean  vertical  curve  represents  a  certain  width  of  cross- 
section,  coefficient  for  vertical  curve  remaining  constant,  we  can  trace 
out  the  form  of  the  vertical  curve  at  &ny  point  in  this  width  b}'  the 
method  indicated  in  fig.  1,  when  the  average  velocity  and  depth  at 
the  point  are  known. 

As  a  further  relation  between  vertical  curves  in  the  different  ver- 
tical planes,  we  must  also  assume  that  they  will  be  changed  according 
to  the  same  law,  i.  e.,  coefficient  for  vertical  curves  remaining  con- 
stant, velocities  located  by  percentages  of  the  depth  will  all  vary  in 
the  same  proportion. 

The  following  table  gives  the  list  of  transverse  curves,  vertical 
curves,  and  coefficients  for  vertical  curves: 

Table  No.  'i. — List  of  iransverse  curves,  vertical  curves,  and  coefficients  for 

vertical  curves. 


Transverse 

Vertical  curves. 

Transversf 

Vertical  curves. 

curves. 

curves. 

Num- 
Ijer  of 

Number 

Coeffi- 

Num- 
Span;l^r„?l 

Number 

Coeffi- 

tr 

sta- 

otcurves 

cient  for 

Sta-  of  curves 

cient  for 

curves 

ob- 
served. 

tion. 

ob- 

vertical 

No. 

ob- 
served. 

tion.       ob- 

vertical 

served. 

curves. 

served. 

curves. 

1 

7 

i 

10 

0.89 

6 

10 

ft 

13 

0.88 

§ 

11 

0.88 

ft 

1 

0.85 

2 

7 

13 

0.90 

ft 

8 

0.90 

10 

0.94 

ft 

5 

0.92 

13 

0.96 

iS 

8 

0.80 

3 

9 

i 

6 

0.86 

7 

10 

1 

6 

0.84 

i 

4 

0.91 

i            3 

0.93 

1 

6 

0.8" 

■ 

6 

0.91 

4 

8 

ft 

8 

0.90 

8 

7 

■ 

18 

0.95 

T% 

10 

0.92 

1 

10 

0.94 

iS 

11 

0.93 

1               14 

0.94 

5 

9 

ft 

11 
11 
10 

0.95 
0.90 
0.94 

9 

6 

1  1          10 

1.01 

Total 

73 

j           236 

For  the  coefficient  for  vertical  curves  for  intermediate  stations  it  is 
necessaiy  to  interpolate.  In  span  No.  G  the  vertical  curves  were 
taken  closer  together,  for  the  reason  that  there  is  a  sunken  caisson 
in  the  bed  of  the  river  about  75  feet  below  the  discharge  section. 
The  caisson  is  located  directly  below  station  y^,  and  its  effect  is 
readily  traceable  in  the  cross  section  and  curve  of  average  velocity. 

A  mean  transverse  curve  is  formed  from  the  individual  transverse 
curves  of  each  span   by  averaging  the  velocities  at  the  ^  depth 
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point,  these  velocities  in  some  cases  being  corrected  for  direction 
when  near  the  piers.  This  mean  transverse  curve  is  reduced  to  a 
curve  called  the  average-velocity  curve  by  multiplying  the  average 
velocity  at  the  -^\  depth  j)oint  at  each  station  by  tlie  respective  coeffi 
cient  for  the  vertical  curves  at  that  station.  This  curve  is  shown 
in  plate  S8  and  gives  the  average  velocity'  in  any  vertical  plane  and 
at  any  point  of  the  cross  section.  The  stage  of  tlie  river  corre- 
sponding to  this  curve  in  each  span  is  taken  as  the  mean  of  the 
observed  stages  during  the  times  of  tlie  individual  transverse  curves. 

Mean- velocity  coefficients. — The  observations  for  di.scharge,  as 
already  stated,  were  made  at  the  ^  depth  point  at  meter  stations,  one 
in  each  one-half  or  one-third  part  of  span.  Assume  for  the  present 
that  the  mean  velocity  in  the  one-half  or  one-third  pai-t  of  span  will 
vary  directly  with  the  observed  velocity  at  the  fV  depth  point  at  the 
meter  station. 

The  problem  then  is  to  find  the  ratio  of  these  two  (luantities  so 
as  to  change  from  observed  velocity  to  mean  velocity. 

In  connection  with  the  transverse  curves  it  will  be  reuiembered 
that  observations  were  taken  at  the  ^^  depth  point  at  the  meter 
stations.  Compute  the  discharge  for  each  one-half  and  one-third 
part  of  span,  corresponding  to  the  mean  stage  of  tlie  transverse 
curves.  To  do  this,  draw  a  discharge  curve  (plate  80),  the  points  of 
the  curve  being  obtained  by  multiplying  the  average  velocity  at  anj' 
point  by  the  corresponding  depth  at  that  point.  The  discharge 
equals  the  area  of  the  figure  and  is  easilj'  found  by  means  of  the 
planimeter.  Obtain  the  area  of  cross  section  for  each  one-half  or 
one-third  j)art  of  span,  corresponding  to  the  mean  stage  of  the  trans- 
verse curves.     Discharge  divided  by  area  gives  the  mean  veloctiy. 

Then- 
Mean  velocity  Mean  velocity  i  or  {  span. 
Coefficient        ~  Mean  of  observed  velociries  at  /^  depth  point  at  meter  station. 

It  has  been  assumed  that  this  coefficient  would  be  constant.  To 
investigate  the  subject,  consider  the  discharge  from  each  one-half  or 
one-third  part  of  span  as  forming  a  solid,  the  cross  section  being  the 
base  and  the  velocities  the  ordinates.  The  coefficient  and  form  of  tlie 
vertical  curve  at  the  meter  station  are  known  from  observation.  The 
coefficient  for  the  vertical  curves  in  the  width  of  one-half  or  one-third 
part  of  span  will  not  vary  more  than  2  or  3  per  cent,  and  may  be  taken 
as  constant  for  this  discussion.  Velocities  located  by  percentages  of 
the  dejith  will  all  vary  in  the  same  proportion.  The  mean-velocity 
coefficient  would  be  constant  under  the  following  conditions: 

1.  The  cross  .section  remaining  constant  while  all  the  ordinates  of 
the  solid  increase  or  decrease  in  the  same  i)roportion. 

2.  The  cross  section  to  remain  of  the  same  form  while  ordinates  of 
the  solid,  located  at  similar  points  of  the  cross  section,  lemain  <'on- 
stant,  increase  or  decrease  in  the  same  proportion. 
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3,  The  velocities  located  by  percentages  of  the  depth  to  remain 
constant,  while  the  volume  and  area  of  cross  section  increase  or 
decrease  in  the  same  proportion. 

A  change  of  form  under  condition  1  is  possible,  and  as  all  ordinates 
change  in  the  same  proportion  it  is  evident  that  the  mean-velocity 
coefficient  will  remain  constant. 

A  change  of  the  cross  section  to  one  of  a  similar  form  can  not  take 
place  when  the  sides  of  the  cross  section  are  vertical.  In  general, 
then,  we  must  expect  a  slight  change  in  the  mean-velocity  coefficient 
when  the  stage  varies. 

Condition  3,  followed  or  preceded  b}'  a  change  under  condition  1, 
covers  all  cases  where  the  mean-velocity  coefficient  can  reinain  con- 
stant. The  simplest  case  in  which  these  two  conditions  are  satisfied 
is  that  of  a  rectangular  cross  section.  To  find  the  effect  of  a  change 
of  stage  on  the  mean-velocity  coefficient,  for  the  particular  solids  we 
have,  a  range  of  stage  of  5  feet  has  been  considered,  2^  feet  above  and 
2|feet  below  the  mean  stage  of  each  span,  corresponding  to  the  trans- 
verse curves.  Assume  the  velocities  at  precentages  of  the  depth  to 
remain  constant.  Any  requisite  change  in  depth  can  be  made  in  this 
way  with  some  resulting  change  in  the  area  of  the  cross  section  and 
volume  of  the  solid.  Then  with  the  area  of  cross  section  remaining 
constant  all  ordinates  can  be  increased  or  decreased  pi-oportionall}- 
and  will  not  affect  the  mean-velocity  coefficient.  So  the  only  change 
that  it  is  required  to  investigate  is  the  change  of  area  of  cross  section 
and  volume,  while  the  velocities  at  percentages  of  depth  remain  con- 
stant. If  these  two  quantities  increase  or  decrease  in  the  same  pro- 
portion, the  mean  velocity-coefficient  will  remain  constant. 

For  a  rise  of  river  stage  the  area  of  cross  section  will  be  increased 
\)y  the  product  of  the  width  and  increase  in  depth  of  water.  The 
volume  of  the  solid  has  already  been  computed  for  each  one-half  or 
one-third  span  from  the  curve  of  average  velocities.  This  will  be 
increased  b}'  an  amount  represented  in  one  of  the  vertical  curves  (fig. 
1)  b}'  A  and  decreased  by  the  amount  represented  by  B. 

The  vohime  reiDresented  by  A  is  obtained  as  follows:  Find  the  area 
of  one-half  or  one-third  span  of  the  curve  of  average  velocities  and 
divide  this  by  the 

..   _  Average  velocity  in  vertical  plane 
Surface  velocity 

obtained  from  the  mean  vertical  curve  at  the  meter  station.  This 
will  give  the  area  of  the  base  of  the  solid  A ;  the  height  will  be  the 
increase  in  the  depth  of  water.  The  volume  of  the  solid  represented 
by  B  is  obtained  as  follows:  The  form  of  the  vertical  curve  at  any 
point  can  be  determined  from  the  vertical  at  the  meter  station.  It 
can  be  easily  proven  that  the  areas  represented  by  B  are  proportional 
to  the  horizontal  projections  of  the  vertical  curves  at  the  respective 
points;  but  the  horizontal  projections  are  in  the  same  ratios  as  the 


DEEP    WATERWAYS. 


315 


averaj^e  velocities.  So  we  have  the  area  represented  by  I>  at  any  point 
is  proportional  to  the  average  velocity  at  that  point.  The  volume 
can  then  be  easily  computed. 

In  general  for  the  solids  we  have  both  area  of  cross  section  and 
volume  increase  in  about  the  same  proportion.  The  following  table 
gives  the  results  of  the  computations  for  the  mean-velocity  coefficients: 

Table  No.  4. — Mean  velocity  coejficientx  for  computing  discharge  measurements. 


.Span  No. 


Elevation  of  water  surface  at  discharge  sec- 
tion alx)ve  mean  tide  at  -New  York. 


564. 


565. 


,  ifEast  K- 
^  |We.sti.. 
.,  'lEasti... 
••  :\West  h  -  - 
r,  if  East  i  ... 
•^  1West"i-. 
East  A  ... 

4  -^Middle  i 
[West  i . . 

Fast  A... 

5  •' Middle  i 
IWest  i  . . 
(East  i ... 

G  niidtiie* 
(West*-. 
-  fEasti-.. 
'  I  West  i.. 
o  fEasti... 
^  \West  i  . . 
,,  I  East  i... 
•'  1 1  West  i-. 


0.80 
.63 
.93 
.ft5 
.91 
.83 
.91 
.91 
.86 
.94 
.91 
.91 
.86 
.88  i 
.81  : 
.80  I 
.91  I 
.93  t 
.93 

1. 1.5 

1.17 


0.83 
.6;i 
.93 
.95 
.90 
.83 
.91 
.91 
.86 
.94 
.91 
.91 
.86 
.88 
.81 
.80 
.91 

.m 

.93 
1.15 

1.17 


M6. 


0.85 
.63 
.93 
.95 
.89 
.83 
.91  i 
.91 
.86 
.94  I 
.93 
.90 
.87  ! 
.89  I 
.80  I 
.79  i 
.91 
.93  , 
.93  i 

1.14  I 

1.17 


667. 


568. 


660. 


0.89 
.63 
.93 
.95 
.88 
.83 
.91 
.91 
.86 
.94 
.93 
.90 
.87 
.89 
.80 
.79 
.91 
.9:^ 
.93 
1.13 
I.!7 


0.90 
.61 
.93 
.95 

.m 

.81 
.91 
.91 
.85 
.94 
.93 
.90 
.87 
.80 
.80 
.79 
.90 
.93 
.93 
1.13 
1,17 


0.93 
.61 
.91 

.85 
.81 
.91 
.91 
.85 
.94 
.93 
.90 
.87 
.89 
.80 
.78 
.90 
.93 
.93 
1.11 
1.17 


The  observations  of  the  individual  vertical  and  transverse  curves 
being  appro .ximately  at  the  mean  stage  of  the  river,  566.5,  the  mean 
velocity  coefficients  for  this  stage  are  practically  independent  of  any 
assumption  in  regard  to  the  change  in  the  form  of  the  vertical  curves 
wlien  tlie  stage  varies. 

The  mean  velocity  coefficient  does  not  follow  aliy  regular  law  as  the 
stage  changes,  but  depends  simply,  as  stated,  on  tlie  relative  increase 
or  decrease  of  the  quantities  and  of  cross  section  and  volume  of  solid 
when  the  velocities  at  percentages  of  the  depth  are  assumed  to  remain 
constant. 

Tlie  effect  of  a  triangular  cross  section  in  general  is  to  make  the 
mean  velocity  coefficient  decrease  as  the  stage  increases,  but  the  form 
of  tlie  solid  may  be  such  as  to  more  than  balance  this  effect  and  even 
reverse  tlie  law. 

It  will  be  .seen  that  the  variation  of  the  mean  velocity  coefficient 
for  a  change  from  low  stage  to  high  stage  does  not  exceed  about  2  per 
cent,  and  generally  decreases. 

Curves  of  fall  on  Niagara  River  {plate  89). — This  plate  shows  graph- 
ically the  fall,  in  feet,  from  Lake  Erie  to  the  various  gauges  whirh  are 
read.  The  curves  were  ol)tained  from  simultaneous  gauge  readings 
taken  at  ten-minute  intervals  throughout  the  day.  From  these  gauge 
readings  daily  means  and  means  of  one-third  part  of  the  day  were 
worked  out  and  used  as  individual  observations  for  determining  the 
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fall.     Thus  the  daily  mean  is  the  mean  of  60  readings,  and  tlie  mean 
for  one-third  part  of  the  day  the  mean  of  20  readings. 

The  falls  computed  from  these  means  were  then  platted  and  a 
straight  line  or  curve  fitted  to  the  points.  Considerable  care  has 
been  taken  in  the  selection  of  observations  to  see  that  the  lake  gauge 
1  L  or  2  L  was  not  fluctuating  too  mucli  and  that  the  slope  conditions 
remained  fairly  stationary.  The  following  table  gives  the  data  in 
connection  with  the  curves: 

Table  No.  5 — Curves  of  fall  of  Niagara  River. 


Gauge 

No. 

Distance 
from 

fo"f 

1 
2C 

Feet. 
0 

3 

0 

2D 
2A 
2B 
2E 
3 

1,220 
2,550 
3,260 
3,780 
4,370 

3A 

5,550 

4 

7,070 

6 

12,250 

7 

13,350 

8 

15,350 

Equations  of  curves: 
a-  being  fall  from  lake  level  in  feet. 
y  being  elevation  of  lake  above  570. 


j  Variation  in 
j    y covered 
I  by  observa- 
i     tions  ob- 
tained. 


{K 


0.13 

0.678+0.010(2/) 

1. 0944-0. 4714  /3. 14014-j/  for  j/  <  2. 70 
0.1776+0.^553(2/)  tor  y>  2.70 

1.336+0.037  iy) 

1.606+0.037(2/) 

1.976+0.037(7/) 

2.6:56+0.081(2/) 

2.981+0.081(2/) 

4. 5846-0. 4714 1/3. 09389- j/  for  j/  <  2. 45 

3. 486  +0. 294  (i/)_ for  y>2.45 

4. 8136-0. 4714)/3. 09389- j/  for  2/  S  2. 45 

3. 714  +0. 294  (?/) for  2/  ^  2. 45 

5. 2444-0. 4714 i/3r09389  -y  for  j/  :§  2.  70 

3. 9334+0. 376  ( y) for  y  >  2.  70 

5. 3244-0. 4714i/3.09389-j/  for  i/  <  2.  70 

4. 0134+0. 376  ( y) for  y  >  2.  70 

5. 5:304-0. 4714^3. 09389-j/  for  //  <  2. 70 
4. 2194+0. 376  (y)  for  2/  >  2. 70 


8  to 2.6 

8  to  2. 7 

8  to2.7 

0  to  2:7 

8  to  2. 7 

8  to  2. 7 

0  to  2. 7 
25  to  2.7 

8  to  2. 7 

8  to 2.8 
25  to  2. 8 

8  to  3.8 

8  to 2.8 


Numlier 
of  obser- 
vations 
(see  In- 
dex). 


56 
56 
13 
92 

16 
67 
92 


>  Erie  Basin. 

The  distances  from  gauge  No.  2  have  been  measured  along  the  cen- 
ter line  of  the  river  in  about  the  mean  direction  of  flow. 

The  range  in  fall  of  the  individual  observations  in  gauges  Xos.  1,  2, 
and  2  C  was  about  0.04  foot;  in  gauges  2  B,  2  A,  and  2  C,  about  0.10 
foot,  and  in  the  remaining  gauges  about  0,15  foot. 

Within  the  limit  of  the  observations  the  curves  are  thought  to  be 
quite  reliable;  beyond  these  limits  they  should  be  taken  simply  as  an 
approximation. 

Comindations  for  discharge. — The  mean  velocitj^  for  each  one-half 
or  one-third  span  is  obtained  by  multiplying  the  observed  velocity  at 
■^jf  depth  by  the  mean  velocity  coefficient.  This  mean  velocity  multi- 
plied by  the  area  of  cross  section  of  the  one-half  or  one-third  span  for 
the  observed  stage  gives  discharge  of  this  part  of  the  span.  The  sum 
of  the  partial  discharge  gives  total  discharge.  The  following  tables 
give  the  reductions  of  one  of  the  measurements : 
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Station. 


m- 


Table  No.  6. — Discharge  measurement  No.  IS. 
[Direction  meter  A,  No.  12.    December  3, 1897.] 


Elevation  ■  tt^i^,,.-*,, 
cf  wat«r   velocity 

Jr^;  -ffc^/  '■'""- 


atsec- 
tioa. 


observ- 
ed at  A 
depth. 


8.12 
8.18 
8.30 

8.  .50 
8.5,5 
(t.Ot) 

9.  U 
9.18 
9.20 
9.2fi 
9.31 
9.40 
9.4« 
9.53 
9.57 

10.03 
10.06 
10.10 
10.14 
10.18 


.565.85 
565.86 
565.88 
565.89 
565.78 
565.77 
565.77 
.565.77 
565.77 
565.78 
5ft5.79 
565.78 
565.77 
565.76 
565.77 
565.78 
565.79 
565.80 
56.5.80 
565.80 


1.63 
2.44 
2.59 
2.71 
4.75 
5.22 
5.51 
6.08 
6.52 
6.19 
5.88 
6.12 
5.84 
5.30 
5.51 
4.96 
4.46 
4.35 
3.82 
2.43 
U.43 


Mean 
velocity 
coeffi- 
cient. 


0.85 
.63 
.93 
.95 
.89 
.82 
.91 
.91 
.86 
.94 
.92 
.90 


.80 
.79 
.91 
.93 
.93 
1.14 
1.17 


Meanve-^Area^f 
locity.    "°?^n«^'= 


1..39 
1..51 
2.41 
2.57 
4.23 
4.28 
5.01 
5.53 
5.61 
5.82 
5.41 
5.51 
5.08 
4.72 
4.41 
3.92 
4.06 
4.05 
3.55 
2.77 
1.67 


408 

674 

720 

815 

1,963 

2,024 

2,(523 

3,890 

3,103 

3,101 

3,005 

2,646 

2,42»; 

2,638 

1,460 

1,710 

1,711 

1,2.52 

1,124 

295 

35 


Dis- 
c^a^ge 
per  sec- 
ond. 


Cu.  feet. 

567 

1,018 

1,735 

2,095 

8,304 

8,663 

13, 136 

21,512 

17,408 

18,04« 

16,2.57 

14,  .579 

12,324 

12,451 

6,439 

6,703 

6,946 

5,071 

3,990 

817 

58 


Dts- 

charRe 

by  spans. 


1,585 
3,830 
16,967 

52,056 
48,884 

31,214 

13,649 
9,061 

875 


Total,  178,121. 


>  Approximate. 
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Table  No.  7  gives  a  list  of  all  the  discharges.  Columns  c,  d,  e,  /,  g, 
and  h  give  the  weighted  elevation  of  the  water  surface  at  the  various 
gauges  at  the  time  of  the  discharge  measurement.  The  elevations 
were  determined  from  simultaneous  gauge  readings  taken  at  ten-min- 
ute intervals.  The  gauge  readings  were  worked  out  which  corresjjond 
with  the  time  of  observing  for  discharge  in  each  span.  These  read- 
ings were  then  weighted  in  the  proportion  of  the  discharge  of  the 
respective  spans,  thus  giving  a  weighted  mean  elevation  of  water 
surface  during  the  time  of  the  discharge.  Gauges  1  L  and  2  L  were 
taken  as  the  lake  gauge.  They  gave  results  for  lake  level  which 
agreed  within  0.01  foot,  so  either  could  be  taken.  In  some  instances 
it  will  be  noted  the  lake  gauge  has  not  been  read,  and  in  such  cases  it 
was  necessary  to  use  some  other  gauge  as  a  base  from  which  to  com- 
pute the  lake  level.  Columns  i,  j,  and  A*  give  these  computed  lake 
elevations.  The  working  up  of  the  gauge  records  showed  that  gauge 
No.  1  was  not  a  reliable  base  from  which  to  compute  lake  level.  The 
gauge  is  located  in  Erie  Basin,  and  the  entrance  is  protected  by  break- 
waters. With  the  lake  surface  fluctuating  rapidly  the  water  surface 
in  Erie  Basin  would  lag  behind  that  of  the  lake  surface.  This, 
together  with  local  currents  around  the  breakwater  resulting  from 
winds  and  Buffalo  Creek,  seemed  to  justify  the  throwing  out  of  read- 
ings on  this  gauge  as  furnishing  a  base  for  lake  level. 

Lake  elevations  computed  from  gauge  No.  2  are  given  the  preference 
where  this  gauge  has  been  read.  The  law  for  the  fall  from  lake  to 
gauge  No.  2  is  well  determined  within  the  limits  of  the  observations 
for  fall,  and  even  beyond  these  limits,  with  slope  conditions  fairly 
stationary,  the  error  of  a  computed  lake  elevation  would  probably  not 
exceed  about  0.05  foot.  The  error  from  gauge  No.  3  under  the  same 
conditions  would  probably  not  exceed  about  0.10  foot.  Column  m 
gives  the  elevations  of  the  lake  at  Cleveland  for  the  dates  of  the  dis- 
charge measurements.  These  elevations  are  a  good  approximation  to 
the  mean  elevation  of  the  lake  for  the  respective  dates,  and  have  been 
taken  as  such.  Column  n  gives  the  amount  the  water  was  raised  or 
lowered  from  the  mean  level  under  the  influence  of  wind.  Columns 
o  andjj  give  the  fluctuations  of  the  level  during  the  measurement. 

In  working  up  the  results  of  these  measurements,  in  place  of  consid- 
ering all  observations,  and  with  equal  or  unequal  weights,  it  was 
thought  a  more  reliable  law  of  the  relation  of  discharge  to  lake  level 
could  be  obtained  by  taking  selected  observations. 

To  this  end  the  following  arbitrary  limits  were  used  in  the  selection 
of  discharge  observations : 

Elevations  of  Lake  Erie  at  Buffalo:  Not  to  exceed  0.60  foot  above 
elevation  of  lake  at  Cleveland ;  not  to  exceed  1.20  feet  below  eleva- 
tion of  lake  at  Cleveland. 

Fluctuation  of  lake  level  during  observation:  Not  to  exceed  0.50 
foot. 

Wind  velocity:  Not  to  exceed  15  miles  per  hour  (fresh  to  brisk). 
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It  will  1)0  iioteil  I'l'om  the  t;il)[(' of  (iisdiar^^cs  tlial  with  st  roii.u  \\  iinls 
the  slope  ooiKlitions  are  very  elian}i:eablean(l  j;aii;j:e  fluetuatinji:.  With 
the  wind  from  the  northeast  or  southwest  the  water  is  raised  or  low- 
ered, respectively,  from  the  mean  level  of  the  lake,  and  there  is  danj^er 
of  the  dischar<;e  bein.!;  intlueneed  l)y  the  eonflict  of  the  retui'ii  current 
and  current  in  the  river.  It  is  thought  that,  with  the  limits  used,  only 
the  most  reliable  discharges  have  been  included.  Out  of  the  72  dis- 
charges, 4o  have  been  accepted,  and  cover  a  range  in  lake  stage  of 
about  2.3  feet.  A  curve  has  been  adjusted  to  fit  these  43  observations 
by  the  method  of  least  squares,  giving  each  observation  a  weight  of 
unity.     The  equation  of  the  curve  is — 

X  =  1G8812  -f  17762  {y)  +  1409  {yY 

where  x  is  the  discharge  in  cul)ic  feet  per  second  and  //  the  elevation 
of  Lake  Erie  in  feet  above  570. 

This  curve  has  been  plotted  on  plate  SO,  together  with  the  discharges 
taken  from  Table  No.  7. 

In  the  measurements,  where  the  lake  level  has  not  been  directly 
observed  there  may  be  a  slight  error  in  the  values  used,  but  the 
changing  of  these  elevations  by  0.05  or  0.10  foot  will  not  affect  the 
position  of  the  discharge  curve  bj^  more  than  one-fourth  of  1  percent. 
Measurement  No.  28,  while  complying  with  the  limits  for  the  selec- 
tion of  observations,  seems  so  far  outside  the  range  of  the  other  nieas- 
urements  as  to  indicate  some  unusual  condition  in  the  slopes,  and  it 
has  accordingly  been  rejected. 

The  greatest  error  of  an  accepted  observation  from  the  discliarge 
curve  is  about  6,000  cubic  feet  per  second,  or  about  2.7  per  cent. 

The  range  in  the  discharge  measurements  at  any  lake  stage  is  about 
5  per  cent.  It  should  bi  remarked  that  outside  theJimit  of  the  obser- 
vations the  curve  can  only  be  expected  to  give  an  approximate  dis- 
charge. 

In  closing  this  report,  the  writer  wishes  to  acknowledge  the  valua- 
ble assistance  of  Mi-.  G.  !>.  Mitcliell,  wlio  has  assisted  in  making  the 
reductions. 

Very  respectfully,  C.  B.  Stewart, 

Assistant  Eni/inf-er'. 

The   Board  of  Engineers  on  Deep  Waterways. 


Appendix  No.  8. 
regulation  of  lake  champlain. 

The  proposed  project  for  a  ship  canal  from  Lake  Ontario  to  the 

Atlantic  via  the  St.  Lawrence  and  Hudson  rivers  requires  that  the 

supply  of  water  for  locks  south  of  Lake  Champlain  and  for  power  for 

the  operation  of  gates,  be  taken  from  Lake  Champlain  at  times  of  low 
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water,  and  in  order  to  secure  an  adequate  flow  from  Whitehall  to  Fort 
Edward  the  level  of  the  lake  must  be  maintained  at  about  100  feet 
elevation  above  tide  water.  Any  less  elevation  than  100  feet  for  the 
summit  level  will  add  greatly  to  the  cost  of  construction,  and  any  rise 
above  the  natural  high- water  stage  will  cause  damage  to  i^rivate  prop- 
erty around  the  lake  and  make  it  necessaiy  to  construct  regulating 
works  to  control  the  flow  through  the  canal. 

The  greatest  known  range  of  the  lake  levels  is  about  10  feet  and 
the  greatest  range  of  the  monthly  mean  levels  about  6.5  feet.  The 
fall  of  the  Richelieu  River  varies  in  a  distance  of  22  miles  from  0.4 
foot,  when  the  lake  is  at  elevation  of  93.5,  to  2  feet  for  lake  at  elevation 
of  101.5  above  tide  water. 

The  discharge  of  the  Richelieu  River  for  different  elevations  of  Lake 
Cliamplain  has  been  computed  from  the  corresponding  depths  on  the 
crest  of  the  dam  at  Chambly,  and  is  as  follows  (see  figs.  1  and  2) : 
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The  net  supplj"  to  the  lake  for  anj'  given  period  is  equal  to  the  sum 
of  the  discharge  and  storage  for  the  same  time. 

The  area  of  Lake  Cliamplain  is  436.7  square  miles,  and  a  rise  of  1 
foot  per  month  is  equivalent  to  storage  at  the  rate  of  4,632  cubic  feet 
per  second.  The  following  tables  give  tlie  monthly  mean  elevations 
of  the  lakes,  the  corresponding  discharge  of  the  Riclielieii  River,  and 
the  monthly  mean  supply  to  the  lake  when  rising,  from  1875  to  1898, 
inclusive: 
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The  watershed  of  the  lake  has  an  area  of  7,750  square  miles,  on 
which  the  average  precipitation  is  about  33  inches  per  year. 

Cubic  feet 
per  second. 

Mean  discharge  of  Richelieu  River. 13,  700 

Evaporation  from  lake  in  8  months  =  1 .25  feet. _ 724 

Total ...13,424 

One  foot  storage  in  lake  =  386. 
Average  rainfall  on  lake  =  386  x  2.75 1, 061 

Average  run  off  from  watershed 12, 363 

Average  run  off  =  Oo  per  cent  of  the  precipitation. 

The  discharge  for  an  elevation  of  101  feet  is  about  36,000  cubic  feet 
per  second,  or  equivalent  to  the  maximum  supply  to  the  lake.  The 
lake  has  not  exceeded  this  elevation  since  1875  except  when  affected 
by  wind,  and  the  mean  monthly  supply  has  exceeded  the  correspond- 
ing discharge  only  once  (April,  1896).  The  rapid  rise  of  April,  1896, 
is  thought  to  have  been  abnormal  and  due  to  ice  in  the  Richelieu  River 
diminishing  the  flow  and  thereby  indicating  a  greater  supply  than 
actually  existed. 

During  low- water  years  the  lake  level  falls  to  an  elevation  of  about 
94  feet  above  tide  water  in  September  and  October,  with  a  discharge 
of  about  5,000  cubic  feet  per  second;  and  since  the  power  companies 
on  the  Richelieu  River  are  entitled  to  the  full  value  of  the  natural 
low-water  discharge,  any  diminution  produced  either  by  regulation 
or  use  of  feed  water  for  the  Hudson  River  Canal  must  be  made  good 
by  an  equivalent  supply  from  the  St.  Lawrence  River  through  the 
canal  from  Lake  St.  Francis  to  Lake  Champlain.  This  suj)ply  will 
not  exceed  1,500  cubic  feet  per  second,  or  about  one-fourth  of  a  foot 
per  second  velocity  in  the  canal. 

In  order  to  maintain  the  low-water  level  of  Lake  Champlain  at  or 
above  elevation  of  100  feet  above  tide  water,  regulating  works  will 
have  to  be  constructed  near  the  foot  of  the  lake  capable  of  passing 
the  maximum  supply  to  the  lake  at  times  of  high  water  and  of  main- 
taining the  discharge  at  about  5,000  cubic  feet  per  second  during  the 
usual  low- water  period  in  the  fall  of  the  year. 

Two  different  projects  have  been  proposed  for  this  purpose,  viz: 

First.  To  construct  a  dam  5,000  feet  long  between  Stony  Point  and 
Windmill  Point,  with  a  lock  and  regulating  sluices  at  Stony  Point, 
about  1.5  miles  south  of  Rouse  Point,  the  crest  of  the  dam  to  be  at  an 
elevation  of  99.5  feet,  and  the  sluices  of  sufficient  capacity  to  i3ass 
5,000  cubic  feet  per  second  when  the  lake  level  is  at  an  elevation  of 
100  feet  above  tide  water;  or. 

Second.  To  construct  a  dam  with  crest  above  the  high-water  stage 
of  the  lake,  and  sluices  at  Stony  Point  of  such  dimensions  that  when 
all  are  open  the  entire  volume  of  maximum  supply  may  be  passed. 
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With  tho  first  of  these  phiiis,  the  discharge  when  the  lake  is  at  a 
stage  of  100  feet  will  be  approximately  o,(X)0  x  2.8  x  (0.5)  i  5,(XX) 
cubic  feet  per  second;  and  for  a  stage  of  101.5  feet  above  tide  water 
the  discharge  will  be  5,000  X  2.7  x  (2)  i -- 38,000  cubic  feet  per  sec- 
ond, or  practically  the  maximum  su])ply  to  the  lake  during  the  greatest 
rise  of  the  lake  since  1871. 

The  change  of  the  lake  level  at  the  regulating  works  from  wind 
effect  and  the  consequent  fluctuations  of  the  discharge  through  the 
Richelieu  River  will  be  a  sericms  objection  to  the  use  of  a  long  sub- 
merged dam  for  the  purpose  of  controlling  the  lake  level.  If  the  dam 
be  built  up  to  the  elevation  of  high -water  stage,  and  a  sufficient  num- 
ber of  sluices  constructed  to  pass  the  discharge  at  times  of  maximum 
supply,  the  flow  can  be  controlled  at  all  times  and  the  rescM-voir 
capacity  of  the  lake,  due  to  change  of  level,  utilized  so  as  to  maintMiii 
a  greater  low-water  discharge  than  under  natural  conditions. 

The  elevation  of  the  lake  at  Fort  Montgomery  for  a  discharge  c(juiva- 
lent  to  the  maximum  supply  to  the  lake  is  about  1<»1  feet  above  tide 
water;  and  as  the  head  i-equired  to  produce  and  nmintain  flow  through 
the  sluices  will  be  about  0.75  foot,  the  high-water  stage  of  the  lake 
will  be  between  1(J1.5  and  102  feet  above  tide  water,  or  a  range  of 
tlie  lake  level  of  less  than  2  feet,  when  not  affected  by  the  wind. 

At  the  site  of  the  proposed  dam  rock  crops  out  at  the  water  surface 
at  Stony  Point,  and  at  500  feet  from  the  shore  is  20  feet  below  the  pro- 
posed plane  for  regulated  stage  of  the  lake,  nuiking  a  favorable  loca- 
tion for  a  lock  and  for  foundation  for  piers  and  sills  of  sluice  gates. 

If  these  sluices  be  nuide  20  feet  deep,  with  an  aggregate  width  of 
300  feet,  a  head  of  about  0.75  foot  will  be  required  to  pass  the  dis- 
charge at  times  of  maximum  supply  to  the  lake.  Such  a  system  of 
sluices,  with  a  high  dam  for  the  control  of  the  lake  level,  will  l)e  more 
expensive  than  a  long  submerged  weir  with  a  single  sluice,  but  the 
more  complete  control  of  the  dischai'ge  which  can  be  obtained  by  the 
use  of  the  former  is  of  sufficient  importance  to  warrant  its  adoption 
and  construction.  A  lock  300  feet  long,  GO  feet  wide,  14  feet  de(»p  on 
the  miter  sills,  with  lift  varying  from  1  to  7  feet,  depending  upon  the 
stage  of  water,  has  been  estimated  for  in  connection  with  the  regulat- 
ing dam  and  sluices. 

The  maximum  volume  of  water  needed  for  feeding  the  Hudson 
River  division  of  the  Champlain  route  will  not  exceed  1,200  cubic  feet 
per  second,  and  for  a  large  portion  of  the  season  will  be  much  less. 
At  times  of  high  water  in  the  Hudson  River  the  water  in  the  river  at 
Fort  Edward  will  be  higher  than  in  Lake  Champlain  at  Whitehall, 
and,  if  desirable,  a  portion  of  the  Hudson  River  flood  may  be  diverted 
into  Lake  Cliamplain  thi-ough  the  canal.  Guard  locks  liave  been  esti- 
mated for  on  this  section  of  the  waterway,  so  that  the  flow  in  either 
direction  may  be  controlled  as  desired. 
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Tlie  details  of  estimate  for  regulating  works  and  lock  are  as  follows: 

Excavation  in  lake  .   _. §89,223 

Embankment    12,188 

Timber  crib  dam 390, 434 

Sluice  gates,  piers,  and  operating  plant 122.300 

Lock  _ . 2:6. 099 

890, 244 
Engineering,  superintendence,  and  contingencies.  10  per  cent 89, 024 

Total 979.268 

Respectfull}'  submitted. 

Geo.  Y.  Wisner. 
The  Board  of  Engineers  on  Deep  Waterways. 


Appendix  No.  H. — I*art  1. 

instructions  from  secretary  of  war  for  the  guidance 
of  the  board  of  engineers  on  deep  watrways. 

Orders.]  War  Department, 

Washington,  Octoher  20,  1897. 

The  orders  of  August  31,  1897,  promulgating  instructions  for  the 
guidance  of  the  Deep  Waterway's  Board,  designated  and  appointed 
hy  the  President  under  the  provisions  of  the  sundry  civil  appr(jpria- 
tiou  act  approved  June  4,  1807,  are  liereby  amended  and  enlarged  so 
as  to  read  as  follows: 

Par.  1.  The  said  Board  is  authorized  to  rent  such  necessary  office 
rooms  (except  in  the  city  of  Washington)  and,  when  the  exigencies  of 
the  service  will  not  admit  of  advertisement  and  contract,  to  purchase 
in  open  market  such  materials,  including  instruments,  books,  maps, 
field  outfits,  provisions,  and  other  supplies  of  any  kind,  as  in  its  judg- 
ment are  deemed  necessary  for  the  prosecution  of  its  work,  and  to 
employ  such  assistance  as  it  may  deem  essential,  and  to  pay  such 
reasonable  compensation  therefor  as  it  may  deem  proper,  the  expenses 
for  all  purposes  not  to  exceed  the  amount  appropriated,  viz,  §!loO,UOO. 

Par.  2.  The  secretary  to  the  Board,  James  H.  Kidd,  is  hereby  des- 
ignated as  special  disbursing  agent  to  disburse  the  appropriation  in 
addition  to  his  duties  as  secretary.  He  will  make  requests  on  the 
Secretary  of  War  for  funds  as  thej'  maj'  be  needed  from  time  to  time, 
said  requests  to  be  approved  by  the  president  of  the  commission,  and 
in  foi'wanlhig  tlie  same  will  name  some  United  States  depositary  in 
which  he  wishes  the  funds  placed,  and  state  the  address  to  which  he 
desires  the  notification  to  be  sent  to  him  from  the  Treasury  Depart- 
ment. He  will  account  tor  all  expenditures,  as  well  as  for  all  property, 
under  the  orders  and  supervision  of  the  Board,  and  will  give  bond  in 
the  sum  of  $25,000  for  the  faithful  execution  of  these  duties.     An 
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itemized  account  of  all  disbursements,  witli  proper  vouchers,  will  l)e 
transmitted  monthly  to  the  War  Department  for  np])roval  and  trans- 
mitted to  the  Auditor  for  settlement. 

Par.  3.  The  Board  shall  authorize  and  supervise  all  disbursements, 
and  tlie  power  to  approve  the  accounts  of  the  disbursing  officer,  so 
far  as  relates  to  the  necessity  or  expediency  of  the  expenditure,  and 
the  prices  paid,  is  hereby  delejrated  to  the  president  of  the  Board,  and 
such  approval  by  him  shall  be  final  in  the  War  Department.  The 
approval  of  the  Board  by  the  president  shall  be  indorsed  on  the  account 
current. 

Par.  4.  Journeys  may  be  made  by  any  member  of  the  J>oard  Avhen- 
ever  necessary  for  the  public  service,  subject  to  subsequent  approval 
by  the  lk)ard.  .Tourneys  to  be  performed  by  the  employees  of  the 
Board  may  be  ordered  by  any  member  of  the  Board.  When  the  emer- 
gency requiring  the  journey  does  not  permit  of  obtaining  an  order 
previous  to  making  the  journey,  the  employee  must  certify  upon  the 
expense  voucher  "that  urgent  public  duty  required  the  journey  to  be 
performed  without  previous  orders."  All  journeys  must  be  finally 
approved  In^  the  Board,  and  the  vouchers  must  be  accompanied  by  that 
approval.  Through  tickets  must  be  obtained  for  all  travel  when  the 
journeys  are  to  be  continuous,  and  transportation  requests  used  when- 
ever practicable. 

Par.  5.  All  vouchers  in  payment  for  articles  or  materials  shall  have 
attached  to  them  the  original  receipted  bill  or  bills  for  the  articles  or 
materials,  said  bills  to  be  ftirnished  bj'  the  person,  tirm,  or  c(>rpoia- 
tion  supplying  them. 

Par.  6.  The  following  reports  and  returns  shall  be  made  on  the 
forms  of  the  Corps  of  Engineers,  United  States  Army,  or  other  form 
authorized  by  the  War  Department,  and  transmitted  l)y  the  di^^bui's- 
ing  otficer  to  the  Secretary  of  War  within  ten  days  after  the  expira- 
tion of  the  month  or  quarter  to  which  they  relate,  except  Form  13, 
which  will  be  rendered  within  twenty  days  after  the  expiration  of  the 
quarter.  Form  17,  which  will  be  rendered  at  the  close  of  business 
hours  of  each  week.  an<l  Foi-iii  14,  which  will  be  rcndci-cd  at  tin*  <'l-.<»» 
of  the  month,  viz: 

(1)  Weekly  ^Nloney  Statement,  Form  17. 

(-)  Monthly  Money  Statement,  Form  14. 

(3)  Monthlj-  Account  Current,  in  duplicate,  Form   ;. 

(4)  Monthly  Abstract  of  Disbursements,  in  duplicate  (Forms  4,  5, 
or  5='),  with  ])ro])er  vouchers  (Forms  (i,  7.  8.  8='.  0.  [r\  10.  11.  12. '22, 
23). 

(5)  Quarterly  Return  of  Public  Property  Keceivcii  and  Fxpeniled, 
Forms  13^  13^  13',  and  13\ 

Par  7.  All  officers,  agents,  or  other  persons  who  are  charged  with 
the  safe-keeping,  transfer,  or  disbursement  of  tlie  public  moneys 
shall  keep  an  accurate  entry  of  each  payment   or  ti-anstVr.  and  shall 
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render  distinct  (iccouuts  of  the  application  thereof  according  to  the 
appropriation  nnder  which  the  moneys  may  have  been  advanced  to 
them.  Every  officer  or  agent  who,  having  received  public  money 
which  he  is  not  authorized  to  retain  as  salary,  pay,  or  emolument, 
fails  to  render  his  accounts  for  the  same,  shall  be  deemed  guilty  of 
embezzlement,  and  shall  be  fined  in  a  sum  equal  to  the  amount  of  the 
money  embezzled,  and  shall  be  imprisoned  not  less  than  six  months 
nor  more  than  ten  years.     (R.  S.,  3623,  3043,  o4!)l.) 

Par.  8.  An  error  made  in  an  account  must  be  corrected  in  the  next 
account  current  of  the  disbursing  officer  after  he  is  informed  of  the 
error,  and  reference  will  be  made  therein  to  the  particular  voucher  in 
which  the  error  occurred. 

Par.  9.  Funds  received  from  overpayments  previously  made  will 
be  entered  on  the  account  current  in  the  proper  column.  The  entries 
should  show  by  whom  and  to  whom  the  overpayments  were  made  and 
on  what  account,  and  refer  to  the  voucher  and  abstract. 

Par.  10.  Whenever  money  is  refunded  to  the  Treasury,  the  name 
of  the  person  refunding  and  the  purpose  for  which  it  was  done  must 
be  stated. 

Par.  11.  The  disbursing  officer  will  promptly,  at  the  close  of  busi- 
ness at  the  end  of  each  month,  and  also  on  Saturday  of  each  week, 
when  that  month  does  not  end  on  Saturdaj^  transmit  to  the  War 
Department  a  statement  showing  explicitly  wliere  his  funds  are  depos- 
ited. He  will  include  in  the  sums  claimed  to  be  on  deposit  only  such 
funds  as  have  been  officially  credited  to  him,  and  of  which  credit  he 
has  been  duly  informed  bj'^  the  depositary.  All  public  funds  on 
deposit  mu.'Jt  be  to  the  official  credit  of  the  disbursing  officer. 

Par.  12.  Disbursing  officers  have  no  authority  to  insure  public 
money  or  property.  They  are  not  authorized  to  settle  with  attorneys 
of  claimants,  lieirs,  executors,  or  administrators,  excej)t  by  instruc- 
tions from  the  War  Department  upon  accounts  duly  audited  and  cer- 
tified by  the  proper  accounting  officers  of  the  Treasury.  (Sec.  3477, 
Rev.  Stat.) 

Par.  13.  All  payments  by  the  disbursing  officer  must  be  made  in 
checks  upon  his  deposit  in  a  public  depositary,  in  lawful  coin,  or  in 
United  States  notes.  Pajnnents,  whenever  possible,  shall  l)e  made 
within  the  quarter  in  which  the  liability  was  incurred. 

Par.  14.  When  funds  are  available,  the  disbursing  officer  shall  jjay 
cash  and  not  oi3en  an  account. 

Par.  15.  When  the  disbursing  officer  draws  checks  in  jjayment  of 
accounts,  on  funds  placed  to  his  credit  with  an  assistant  treasurer  or 
other  depositary  of  the  United  States,  he  will  note  uj)on  the  receipt 
taken  for  such  payment  the  number,  date,  and  amount  of  the  check 
given  in  payment  and  designate  the  assistant  treasurer  or  depositary 
upon  whom  it  is  drawn ;  and  when  an  account  is  paid  in  part  by  cur- 
rency, the  amount  of  the  same  will  be  stated.  The  same  rule  will  be 
observed  in  regard  to  invoices  of  funds  transferred.    Mutilated  checks 
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shall  at  once  bo  forwarded  to  the  depositary  to  which  th<»y  pei-tain, 
and  a  record  made  on  th«'  stubs  <»t'  tIkm-Ikm-Iv  book  of  tlic  dat«M>f  iraiis- 
mission. 

Par.  10.  In  all  eases  of  contracts  for  th«'  ix'rformaiu'e  of  any  service 
or  the  delivery  of  articles  of  any  description  for  the  use  of  the  United 
States,  payment  shall  not  exceed  the  value  of  the  service  rendered  or 
of  tlur  articles  delivT're<l  previous  to  the  payment. 

Par.  17.  Persons  employed  in  the  service  of  the  Board  may  Ije 
allowed  actual  expenses  for  travel  on  dutj'  under  ordei*s.  For  all 
persons  except  the  members  of  the  Board  and  its  secretary,  and  mili- 
tary and  naval  otticers,  these  expenses  will  l)e  limited  as  follows: 

(1)  Cost  of  tran.sportation  (including  parlor -car  fare)  over  the 
shortest  usually  traveled  route. 

{'2)  Cost  of  transfers  to  and  from  railroad  stations,  not  exceeding  .50 
cents  for  each  transfei*. 

(3)  Cost  of  one  double  berth  in  a  sleeping  car,  or  customary  state- 
room accomodation  on  boats  and  steamei-s  when  extra  c}iar«r<'  is  made 
therefor. 

(4)  Cost  of  meals,  not  exceeding  ■<■>  per  day  while  en  route,  when 
meals  are  not  included  in  the  transportation  fare  paid,  and  not  exceed- 
ing $3  per  day  for  meals  and  lodgings  during  necessary  delay  en 
route. 

(5)  Cost  of  meals  and  lodgings,  not  exceeding  83  per  day,  while  on 
duty  at  i)laces  designated  in  the  orders  for  the  performance  of  tem- 
porary dutj". 

When  such  expen.ses  are  less  than  =525  under  any  given  order,  the 
certificate  of  the  person  j)erforming  the  journey,  as  set  forth  in  Form 
9,  will  be  sufficient;  when  the  expenses  are  •s:?5  or  over,  the  affidavit 
of  the  person  will  be  required,  as  follows: 

I. ,  solemnly  .swear  that  the  above  account  is  correct  and  .just,  and 

that  I  necessarily  performed  the  above  journey  on  public  business,  at  the  time 
specified,  with  all  practicable  dispatch,  by  the  shortest  usually  traveled  route,  hi 
the  customary  reasonable  manner,  and  under  the  «^rder  hereto  annexed;  that  I  did 
not  travel  on  any  conveyance  belonging  to  or  chartered  by  the  United  States:  that 
the  above  expenses  were  actually  and  necessarily  incurred  and  paid  by  me  in  per- 
forming said  journey. 

Sworn  to  before  me  and  subscribed  in  my  presence  this day  of . 


The  legal  fee  for  the  same  may  l)e  included  in  the  account.  In  all 
cases  there  shoukl  be  atlded  the  certificate  of  a  member  of  the  Hoard 
appi'oving  the  account  and  certifying  that  the  travel  was  performed 
under  the  orders  specified  in  the  voucher. 

Par.  18.  No  member  or  employee  of  the  Hoard  shall  accei»i  vol- 
untary service  for  the  Government,  or  employ  personal  service  in 
excess  of  that  authorized  l)y  law,  except  in  cases  of  sudden  emergency, 
involving  the  loss  of  human  life  or  the  destruction  of  pro[)«*rty. 
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Par.  ID.  The  time  of  all  employees  noted  or  kept  as  hours  shall  be 
reduced  to  "daj's  of  eight  hours  each,"  and  the  rate  of  pay  shall  be 
noted  and  designated  as  the  rate  "i^er  da}'  of  eight  hours  each,"  and 
so  shown  upon  the  vouchers  or  pay  rolls,  as  the  case  maj'  be.  Time 
employed  should  not  be  shown  upon  the  pa}'  rolls  or  vouchers  in 
"hours,"  and  the  rate  of  pa}'  should  not  be  designated  as  "per  hour." 

AVhen  pay  rolls  or  vouchers  show  jjersons  to  have  been  employed 
and  paid  by  the  day,  there  should  be  added  to  the  certificate  the  state- 
ment that  the  days  for  which  payment  has  been  made  were  "days  of 
eight  hours  each." 

Par.  20.  When  it  is  intended  to  have  any  work  done,  service  pro- 
cured, or  purchase  made,  by  contract  or  written  agreement,  all  the 
papers  in  the  case  must  previously  be  submitted  to  the  Board  for  its 
approval. 

Par.  21.  Where  it  is  clearly  for  the  benefit  of  tlie  United  States  that 
a  contract  should  be  extended,  power  is  hereby  delegated  to  the  Board 
to  grant  such  extension,  but  extensions  of  contracts  or  written  agree- 
ments are  not  in  any  case  to  be  made  until  the  approval  of  the  Board 
has  been  obtained. 

Par.  22.  Vouchers  foi-  the  disbursement  of  money  will  correctly 
specify  the  quantity  and  price  of  each  article  bought,  the  name  and 
business  place  of  the  person  from  whom  it  is  procured,  and  the  date 
and  manner  of  purchase.  Wlien  tlie  voucliers  are  for  services  ren- 
dered, they  will  state  the  nature  and  i)eriod  of  service,  rate  of  pay  per 
day  or  month,  etc. 

Par.  23.  Original  voucliers  must  accompany  the  accounts.  Copies 
can  not  be  admitted  unless  accompanied  by  satisfactory  evidence  of 
the  loss  or  destruction  of  the  originals,  or  that  their  retention  is  indis- 
pensable to  the  pei'formance  of  duty. 

Par.  24.  When  originals  can  not  be  furnished,  copies  duly  certified 
as  true  by  a  disinterested  ofiftcer  of  the  Government  may  be  accepted. 

Par.  25.  When  vouchers  are  not  sent  with  the  account  to  which  they 
belong,  an  explanation  must  be  made  as  to  why  they  were  not  pro- 
duced with  and  included  in  the  proper  account. 

Par.  2G.  All  employees  of  the  Board  are  forbidden  to  give  or  take  re- 
ceipts in  blank  for  public  money  or  property;  in  all  cases  tlie  vouclier 
will  be  made  out  in  full  and  the  exact  amount  of  money  or  quantity  of 
property,  in  words,  will  be  written  out  in  the  receipt  before  it  is  signed. 
When  vouchers  are  sent  by  mail  for  signature,  the  date  in  the  receipt 
will  be  left  blank,  and  the  check  in  payment  will  not  be  drawn  until 
the  vouchers  are  received  back  properly  signed,  when  the  date  of  the 
check  will  be  added  to  the  receipt. 

Par.  27.  When  a  signature  is  not  written  by  the  hand  of  the  party 
it  must  be  witnessed. 

Par.  28.  When  an  account  is  presented  in  person  by  an  individual 
who  is  not  known  to  the  disbursing  officer,  the  latter  will  require  such 
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evidence  of  identity  as  will  secure  the  Government  as  well  as  himself 
against  loss. 

Par,  20.  Upon  all  vouchers  for  purchases  or  for  services  other  than 
personal,  the  method  of  purchase,  or  of  procuring  the  service,  must 
be  shown,  and  if  "by  written  agreement,"  a  copy  of  the  agreement 
must  accompany  the  voucher. 

Par.  30.  Property  returns  will  be  rendered  quarterly.  iVfter  a  com- 
plete return  has  been  furnislied,  if  there  have  been  l)ut  few  changes 
during  a  subsequent  quarter,  it  will  be  sufficient  for  three  quarters  to 
state  these  changes. 

Par.  :U,  At  the  time  when  vouchers  are  submitted  with  the  accounts, 
if  any  of  the  articles  purchased  as  noted  thereon  have  been  "expended 
and  applied  to  the  purpose  for  which  i)urchased,"  a  certificate  to 
that  effect  may  be  made  by  the  disbursing  officer  on  the  voucher,  and 
when  so  made  the  article  referred  to  need  not  be  taken  up  on  the 
property  returns. 

Par.  32.  The  certificate  of  an  authorized  agent  of  the  Board  of  the 
delivery  of  supplies  or  materials,  or  of  the  perfoi-mance  of  service, 
shall  constitute  authority  to  the  disbursing  officer  for  payment  there- 
for; but  should  the  facts  not  be  as  set  forth  in  said  certificate,  the 
amount  shall  be  charged  to  the  certifying  agent  and  be  credited 
to  the. disbursing  officer  in  the  settlement  of  his  accounts. 

Par.  33.  No  member  or  employee  of  the  Board  shall  be  pecuniarily 
interested,  either  directl}^  or  indirectly,  in  the  employment  of  any 
person,  or  the  purchase  or  supply  of  any  article  or  materials  for  the 
service  of  the  Board. 

Par.  34.  All  persons  having  charge  of  property  pertaining  to  the 
Board  shall  be  held  responsible  for  itsijreservation  and  safe-keeping, 
and  shall  give  receipts  to  the  disbursing  officer- for  the  same.  They 
are  required  to  take  all  proper  measures  to  protect  it  from  loss, 
damage,  or  waste;  and  when  such  property  is  not  satisfactorily 
accounted  for,  the  person  to  whom  it  was  intrusted  shall  be  charged 
with  its  value. 

Par.  35.  In  all  cases  not  covered  by  these  regulations,  the  rules  for 
money  and  property  accountability  established  in  the  United  States 
Arm}'  Regulations  of  1805,  so  far  as  applicable  to  the  service  of  the 
Board,  shall  be  observed. 

Par,  30.  The  instructions  to  United  States  disbursing  officers 
contained  in  circular  from  the  Treasury  Department  dated  August 
14,  1807,  and  published  in  General  Orders,  No.  53,  War  Department, 
Adjutant-General's  Office,  August  25,  1897,  must  l)e  strictly  complied 
with, 

K.  A.  Alger, 

Secretary  of  War. 
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Appendix  No.  9. — Part  2. 
instructions  to  field  parties. 

The  following  instructions  are  for  the  general  guidance  of  field  par- 
ties, and  will  be  supplemented  from  time  to  time  by  such  special 
instructions  from  the  Board  as  may  be  found  necessary  as  the  work 
progresses. 

The  immediate  object  of  the  work  is  to  obtain  data  for  the  develop- 
ment of  plans,  estimation  of  cost,  and  the  construction  of  maps  and 
profiles  of  the  jiroposed  ship  canal  from  the  Great  Lakes  to  the 
Atlantic. 

Considerable  discretion  will  be  allowed  chiefs  of  parties  as  to  meth- 
ods by  which  information  sought  shall  be  obtained  and  the  distribu- 
tion of  work  among  members  of  the  part}-,  but  the  records  of  all  sui'- 
veys  and  examinations  must  be  so  full  and  complete  that  thej'  may  be 
easily  and  correctly  interpreted  bj*  comi^utei-s  in  the  office  of  the  Board 
without  assistance  from  the  engineers  who  make  the  observations. 

The  work  must  be  such  that  when  reduced  and  plotted  a  paper 
location  may  be  made  of  the  proposed  ship  canal,  a  correct  estimate 
made  of  the  amount  and  kind  of  material  which  will  need  to  be  exca- 
uated,  and  the  size  and  character  of  all  nec>essary  structures  i^rojected. 

ORGANIZATION. 

The  personnel  of  the  parties  herein  outlined  is  based  on  normal 
conditions  of  country,  a  full-sized  field  party  consisting  of  a  base- 
line party,  level  party,  sounding  party  (where  needed),  two  or  three 
boring  jjarties,  three  stadia  parties,  and  draftsman  and  computers 
sufficient  to  keep  up  reduction  and  plotting  of  field  notes  as  close  as 
practicable  with  the  field  work.  All  parties  are  to  work  with  the 
general  purpose  in  view  that  the  combined  results  of  the  different 
divisions  should  be  sufficient  to  furnish  the  necessary  data  on  which 
to  base  designs,  plans,  and  estimates  of  proposed  ship  canal  route, 
and  in  order  that  the  best  progress  for  amount  of  work  done  shall  be 
obtained  it  is  essential  that  the  parties  should  not  duplicate  their  own 
work  or  that  of  others,  except  where  necessar}-  for  correcting  errors. 

Each  of  the  stadia  parties  should  consist 'of  1  instrument  man,  1 
recorder,  2  rodmeu,  and  1  stadia  man  for  open  country,  and  such 
axmen  as  may  be  needed  to  cut  lines  Avhere  topography  of  wooded 
countrj'  is  to  be  determined.  In  organizing  new  parties,  recorders 
and  rodsmen,  where  capable,  should  alwaj^s  be  promoted  in  preference 
to  appointing  new  men. 

METHODS   OF   WORK. 

Reconnoissance. — A  careful  reconnoissance  should  be  made  of  the 
proposed  line  of  survej'  by  the  assistant  engineer  in  charge  in  advance 
of  all  field  work,  to  determine  the  limits  of  survey  and  the  probable 
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loealion  t)t"  riglil  ol'  way  aloiii;  whicli  it  will  be  iiccrNNaiy  lu  (IfU-nniiM; 
contours  carefully,  and  nuikc  borings  suflicient  to  establish  the  eleva- 
tion of  rock  surface,  where  it  exists  within  limits  of  probable  depth 
of  cut. 

Topography. — The  topography  ^^ill  be  based  on  continuous  transit 
and  level  lines  between  terminals  of  any  section  of  the  pi-opo.sed  canal, 
and  be  determined  by  stadia  readings  from  the  stations  and  b«Mich 
marks  of  said  lines  to  all  characteristic  points. 

Topography  will  be  taken  with  the  view  of  correctly  i)lottiiig  con- 
tours for  2-foot  intervals  along  right  of  ways,  but  outside  of  such 
limit  slight  irregularities  of  the  surface  are  of  no  importance,  and 
only  elevations  of  characteristic  points  should  be  taken  by  the  stadia 
men,  and  sketches  made  between. 

Base  line  and  level  observations,  where  possible,  should  be  kept  in 
the  advance  of  topographical  work,  and  the  elevations  and  location 
of  transit  stations,  witli  azimuth  of  line,  furnished  to  the  stadia  parties. 

Transit  lines. — The  distances  between  transit  points  of  main  line 
should  be  measured  with  a  steel  tape  of  which  the  length  has  been 
determined  by  actual  measurement  of  a  base  line  of  known  length,  or 
b}'  comparison  with  some  standard  measure  already  determined,  and 
such  distances  checked  by  intersections  on  known  points  or  by  stadia 
readings  of  the  topographical  parties. 

The  true  azimuth  of  the  survej*  line  should  be  determined  at  inter- 
vals of  about  5  miles  along  the  route,  by  observation  on  elongation  of 
Polaris,  for  the  purpose  of  coiTCcting  the  transit  line  for  erroi-s  of 
observation  and  for  change  in  azimuth  due  to  convergence  of  merid- 
ians. To  determine  the  azimuth  of  a  line  from  observations  of  Polaris 
at  elongation,  a  set  of  readings  should  be  made  between  the  star  and 
reference  mark,  and  the  telescope  sliould  then  be  revei'sed  and  a  second 
set  made. 

The  difference  between  the  observed  azimuth  at  any  station  and 
that  brought  forward  from  previous  station  by  transit  line  is  always 
equal  to  the  algebraic  sum  of  the  errors  of  observations  and  the  change 
due  to  the  convergence  of  meridians.  The  latter  of  these  two  correc- 
tions should  l)e  distributed  back  through  the  transit  stations  propor- 
tionatelj'  to  the  respective  westings,  and  the  former  proportionately 
to  the  number  of  transit  stations  between  azimutli  stations.  In  order, 
therefore,  that  all  corrections  be  properly  applied,  there  should  be  an 
azimuth  determination  of  transit  liiu'  in  advaii<-«'  of  all  work  p]ott»Hl 
on  office  map. 

Permanent  marks  as  rt'tcn-nce  [)oints  will  be  established  by  the 
transit  and  level  parties  at  frequent  intervals  along  the  line,  such 
that  any  paper  location  made  upon  the  maps  may  be  easily  and  cor- 
rectly staked  out  on  the  ground  sui-veyed. 

Levels. — The  elevations  of  all  bench  marks  of  level  lines  will  be 
based,  wherever  possible,  on  the  elevation  of  bench  marks  established 
by  precise  level  parties  of  the  United  States  Lake  Suivey,  and,  unless 
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cheeked  by  readings  on  points  of  known  elevations,  should  be  deter- 
mined b}'  dujilicate  lines  run  in  opj)osite  directions. 

Duplicate  level  lines  must  agree  within  the  amount  shown  by  the 

formula  vtta  ^/  distance  between  bench  marks  in  miles. 

Frequent  readings  should  be  made  for  connecting  with  the  water 
surfaces,  wherever  the  lines  run  are  in  the  immediate  vicinity  of  lakes, 
rivers,  or  canals. 

Methods  of  stadia  ivork. — Stadia  parties  should  be  furnished  with 
corrected  azimuths  of  transit  line,  and  all  stadia  circuits  should  be 
carried  forward  from  such  initial  directions  and  checked  on  other 
lines  of  known  azimuth  wherever  possible.  Where  this  can  not  be 
done,  the  magnetic  azimuth  of  lines  should  be  read  occasionally,  and 
readings  made  to  prominent  points  on  the  line  of  survey,  the  location 
of  which  may  be  independently  determined.  In  stadia  circuits,  stakes 
need  be  set  only  at  instrument  stations,  and  at  points  where  side  lines 
are  to  be  started  for  closures  made  with  other  circuits. 

Where  areas  of  timber  land  and  orchards  interfere  with  lines  of 
sights,  contours  may  be  developed  sufficiently  well  by  determining 
cross  i^rofiles  at  intervals  by  stadia  readings  along  compass  line. 

No  matter  which  member  of  the  party  may  make  the  observations, 
it  should  be  distinctly  understood  that  he  should  make  the  complete 
readings,  both  as  to  direction  and  distance,  and  no  other  jjerson  be 
allowed  near  the  instrument. 

The  instrument  man  and  recorder  should  make  the  observations, 
keep  the  recoi-ds,  and  make  sketches,  except  where  the  conditions  are 
such  that  only  tw^o  rodmen  are  needed,  in  which  case  the  extra  rod- 
man  may  be  detailed  to  sketch  or  make  reconnoissance  for  advance 
work. 

In  addition  to  readings  to  develop  contours,  all  buildings,  fences, 
roads,  creeks,  culverts,  bridges,  timber  lands,  etc.,  should  be  located, 
and  where  structures  are  on  line  of  probable  final  location,  the 
dimensions  and  cliaracter  should  be  noted.  Highways,  fences,  rail- 
roads, streams,  and  embankments  should  be  located  by  readings  to 
points  where  directions  change,  and  a  sketch  made  showing  connec- 
tion between  consecutive  points.  Where  rivers  are  to  be  sounded, 
all  range  stakes  should  be  set  in  advance  by  either  the  transit  or 
stadia  field  parties. 

The  width,  depth,  and  cross-section  of  streams  for  high,  low,  and 
medium  stages  should  be  determined  wherever  possible.  The  limit 
of  work  for  survey  should  be  determined  by  reducing  side  shots  in 
the  field,  and  not  by  running  special  circuits  along  lines  of  elevation 
required. 

The  instrument  man  should  have  a  system  of  signals  for  his  party, 
such  that  he  may  direct  a  rodman  in  any  direction,  and  to  make  any 
kind  of  location  desired. 

In  all  cases  the  work  should  be  so  planned  that  stations  need  not  be 
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reocc'upiod,  except  to  start  new'liiios  or  to  correct  erroi*s,  and  that 
work  done  by  other  divisions  of  the  main  party  will  not  be  duplicated. 

Where  possible  to  do  so,  the  statlia  party  should  h'ave  stakes  for 
borinj;  i)arty  to  connect  with  when  holes  are  drilled,  and  thus  save 
labor  of  locatinjj  holes  after  work  is  done.  Stadia  parties  in  the  field 
need  do  only  sufficient  plotting  to  insure  that  records  are  free  from 
error  and  tliat  sufficient  locations  have  been  made  to  develop  the 
topograpliy. 

Borings. — Borings  will  be  made  at  such  intervals  and  depths  along 
the  lines  that  the  location,  amoiuit,  and  kind  of  material  to  l)e  exca- 
vated may  be  accurately  estimated  for  a  ship  canal  of  :^0  feet  depth 
located  within  the  limits  of  strip  surveyed. 

Reduction  of  notes. — The  field  party  should  keep  their  notes  re- 
duced up  to  date  and  ready  for  checking  by  the  computers  in  office  of 
engineer  in  charge. 

All  notes,  records,  and  sketches  should  be  so  clear  and  complete 
that  no  misinterpretation  can  occur. 

PLOTTING   OF   FIELD   NOTES. 

In  the  office  of  assistant  engineer  in  charge  of  party  there  should 
be  a  draftsnmn  and  sufficient  computers  to  reduce  and  plot  the  field 
notes  as  fast  as  sent  in  by  the  stadia  parties. 

The  computers  should  be  men  capable  of  reducing  field  notes  and 
assisting  the  draftsnmn  in  plotting  preliminary  lines  and  circuits  on 
maps.  Maps  should  be  on  a  scale  of  1 :  2,500  or  1 :  5,000,  depending  on 
the  flatness  of  the  country,  and  should  be  drawn  on  mounted  paper 
28  by  40.5  inches  in  size,  with  working  limits  of  25  by  37  inches,  and 
laid  out  so  as  to  have  a  wide  margin  at  left-hand  end  of  completed 
map.  All  lines,  fences,  roads,  etc.,  should  be  plotted  with  India  ink 
and  all  contours  with  burnt  sienna. 

Transit  lines  and  important  stadia  circuits  should  be  plotted  by 
coordinates,  and  side  lines  and  readings  by  direction  and  distance. 
For  small  vertical  angles  no  reduction  for  distance  is  necessary  for 
side  shots,  and  for  main  circuits  the  correction  may  be  taken  direct 
from  a  table  prepared  for  that  purpose. 

Transit  line  distances  should  be  corrected  for  tape  error  and  tem- 
perature before  plotting. 

Only  such  lettering  need  be  put  on  maps  as  necessary  for  a  correct 
interpretation,  and  no  azimuth  of  courses  except  line  indicating  the 
true  meridian  through  some  azimuth  or  transit  station. 

All  work  to  be  plain  and  accurate,  and  of  a  style  to  be  rapidly  done. 

FINISHING   FIELD   SHEETS   AND   REDUCTION. 

The  finishing  of  field  nuips  not  provided  for  in  these  instructions 
and  the  reduction  for  publication  will  he  done  at  the  office  in  Detroit. 

All  maps  for  publication  are  to  be  reduced  to  a  scale  of  1 :  20,(X)()  by 
means  of  a  pantograph,  such  reduced  sheets  to  show  the  amount  of 
IT.  Doc.  U!> 22 
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detail  to  be  put  on  tracings,  except  that  swamp  and  timber  areas  will 
be  indicated  with  topographical  symbols,  and  where  slopes  are  steep 
hachures  will  be  used  instead  of  contours.  Where  wood  and  swamp 
areas  are  large,  only  the  limits  need  be  indicated  by  symbols.  The 
line  of  proposed  waterway  will  be  indicated  by  two  parallel  lines 
spaced  250  feet  apart,  except  in  open  rivers  and  lakes,  where  actual 
width  estimated  will  be  shown. 

Location  and  depth  of  borings  will  be  indicated  by  showing  eleva- 
tion of  bottom  of  hole,  and  if  rock  be  found,  such  number  will  be 
followed  by  the  letter  R. 

The  projected  line  will  be  marked  every  1,000  feet  and  at  every  mile 
on  the  map,  and  a  profile  of  the  line  marked  to  correspond  with  that 
on  map  will  be  placed  at  bottom  of  the  sheet. 

REPORTS. 

A  weekly  report  should  be  made  at  the  end  of  each  calendar  week, 
giving  briefly  the  amount  of  work  done  and  any  other  information  of 
interest  or  importance. 

A  monthly  report  should  be  made  promptly  at  the  close  of  each 
month,  giving  a  detailed  statement  of  work  done,  condition  of  work 
or  works  in  progress  at  that  date,  and  other  important  information  or 
suggestions. 
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niagara  route  and  champlain  rottte,  hudson  river 
division— flood  measurements  mohawk  river— levels 
from  hudson  river  to  lake  ontario. 

Detroit,  Mich.,  January  15,  1900. 
Gentlemen:  I  have  the  honor  to  report  herewith  on  the  surveys 
and  examinations  intrusted  to  me  in  connection  with  the  proposed 
deep  waterway  from  the  lakes  to  the  Atlantic.     The  report  is  arranged 
under  the  following  headings: 

1.  A  waterway  from  Lake  Erie  to  Lake  Ontario  of  21  feet  and  30 
feet  depths. 

2.  A  waterway  from  Lake  Champlain  to  the  Hudson  River  at  Troy 
of  21  feet  and  30  feet  depths. 

3.  Flood -discharge  measurements  of  the  Upper  Mohawk  River  and 
other  streams. 

4.  Report  on  results  of  two  lines  of  levels  run  from  the  Greenbush 
bench  mark  to  Lake  Ontario. 

The  above  work,  excepting  item  4,  was  executed  by  one  organiza- 
tion, made  up  in  Chicago  between  August  17  and  September  12, 1897, 
with  such  additions,  from  time  to  time,  as  the  necessities  of  the  work 
required.     After  purchasing  and  testing  instruments,  the  party  left 
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Chica{?o  Soptomber  12,  1897,  jiiul  arrived  at  Toiuiwaiula,  N.  Y.,  the 
next  day,  and  immediately  began  the  survej's  for  the  Tonawanda- 
Olcott  route.  The  order  in  whieli  the  other  work  was  done  is  fully 
explained  in  the  rei)orts  coverinjij  it. 

I  wish  to  acknowledjife  receipt  of  valuable  infoi-mation  i-elating  to 
the  hydrography  of  the  Hudson  River,  from  the  Glens  Falls  Pai)er 
Company,  of  Fort  F<lward,  N.  Y. ;  the  Duncan  C-ompany,  of  Mechan- 
ieville,  N.  Y.;  the  Hudson  River  J*ower  Transmission  Company,  of 
Mechanlcville,  N.  Y.,  and  Mr.  Frederick  Orr,  of  Troy,  N.  Y.  Mr. 
E.  A.  Bond,  State  engineer  and  surveyor  of  New  York,  permitted  me 
to  consult  the  original  maps  and  notes  of  the  survey  ma<le  of  the 
Hudson  River  in  1866,  from  which  valuable  information  was  obtained. 

To  the  great  application  and  thorough  work  of  the  instrument  men 
in  charge  of  parties,  P.  H.  Ashmead,  J.  H.  Hrace,  H.  F.  Dose,  H.  C. 
Goodrich,  Curtis  Hill,  T.  J.  Klossowski,  and  W.  George  Lee,  and  the 
superintendent  of  borings,  George  A.  Hamnumd,  much  of  the  progress 
of  the  work  is  due.  Mention  should  also  be  made  of  H.  H.  Lett^i-and 
M.  W.  Tenny,  instrument  men;  A.  A.  Conger,  M.  K.  lYumbull,  and 
E.  J.  Kelly,  recorders,  who  rendered  valuable  assistance  in  the  office 
at  Detroit  as  well  as  in  the  field.  Those  in  positions  of  less  respon- 
sibility were  equally  faithful  and  energetic  in  the  performance  of 
the  duties  assigned  them.  A  list  of  all  the  men  employed,  with  length 
of  service  of  each,  is  filed  with  the  .secretary  of  the  Board. 

The  instructions  of  your  honorable  Board  gave  me  great  freedom 
in  the  selection  of  assistants  for  the  various  positions,  and  resulted 
in  building  up  the  best  force  it  has  ever  been  my  good  fortune  to 
secure,  and  in  establishing  an  esprit  de  corps  not  othervdse  obtainable. 

Respectfully  submitted. 

C.   L.  -Harrison. 
Principal  Assistant  Eiujineer. 

The  Board  op"  KxfnvKRKs  ov  Dkep  AYaterways. 


WATERWAY     FROM     J^AKE     ERIE    TO    LAKE     ONTARIO,    EMHKAC  ING   THE 
TONAWANDA-OLCOTT   AND   LASALLE-LEWISTON   ROUTES. 

Two  possible  routes  were  considered,  both  l)eginning  at  deepwat^sr 
in  Lake  Erie,  near  Buffalo,  and  running  through  Black  Rock  Harbor 
and  the  Erie  Canal  to  near  the  head  of  Sijuaw  Island;  then  locking 
down  to  the  level  of  the  Niagara  River,  and  following  the  general 
coui-se  of  its  right  branch  to  a  point  just  above  Tonawanda,  where 
the  routes  separate.  One  passes  through  Tonawanda  and  via  Lock- 
port  to  Lake  Ontario  at  Olcott.  This  is  designated  as  the  Tona- 
wanda-Olcott  route.  The  other  route  continues  down  the  Niagara 
River  from  Tonawanda  to  the  head  of  Cayuga  Island,  near  the  village 
of  Lasalle,  and  thence  across  the  country  in  a  northwesterly  dii*ectiou 
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to  the  Niagara  River  at  the  village  of  Lewiston,  and  thence  down  the 
river  to  Lake  Ontario.  This  is  designated  as  the  Lasalle-Lewiston 
route. 

SURVEYS. 

The  two  routes  being  identical  from  Lake  Erie  to  Tonaw^anda,  and 
then  passing  through  similar  territory,  the  surveys  and  examinations 
will  be  considered  as  of  one  project,  especially  as  the  work  was  being 
done  on  both  routes  at  the  same  time. 

The  following  parts  of  the  line  were  surveyed  by  this  party: 

Surveys  and  borings  from  the  breakwater  in  Lake  Erie  to  the  foot 
of  Squaw  Island,  including  soundings  at  site  of  Regulating  Works; 
from  Tonawanda  to  and  including  the  Olcott  Hai-bor;  fi-om  Lasalle 
to  Lewiston. 

The  following  parts  of  these  routes  were  surveyed  by  James  Ritchie, 
assistant  engineer: 

Soundings  and  borings  at  foot  of  Lake  Erie  and  outside  of  break- 
water; soundings  in  Niagara  River,  fi-om  the  foot  of  Squaw  Island 
to  Tonawanda;  borings  in  Niagara  River,  from  foot  of  Squaw  Island 
to  Lasalle, 

The  soundings  in  the  Xiagara  River  from  Tonawanda  to  Lasalle 
were  taken  from  the  survey  made  in  1S9<),  under  the  direction  of 
Maj.  Thomas  W.  Symons,  Corps  of  Engineers,  U.  S.  Army. 

The  soundings  in  the  Niagara  River  from  Lewiston  to  its  mouth, 
and  to  deep  water  in  Lake  Ontario,  were  taken  from  the  lake-survey 
charts  of  1875.  But  a  few  borings  and  soundings  were  taken,  June, 
1899,  on  the  shoal  off  the  mouth  of  the  Niagara  River,  to  determine 
the  character  of  material  to  be  excavated  and  what  changes  have 
taken  place  since  the  survey  of  1875. 

In  general,  all  surveys  were  made  in  accordance  with  the  instruc- 
tions of  the  Board  as  given  in  Appendix  No.  9. 

The  base  lines  were  chained  with  a  standardized  steel  tape,  using 
spring  balance  to  insure  uniform  tension,  and  correcting  for  tempera- 
ture. Observations  were  made  for  azimuth  about  every  5  miles. 
Topography  of  the  adjacent  territoi-y  was  taken  by  stadia,  sufficient 
points  being  taken  to  develop  2-foot  contours.  Stadia  circuits  started 
from  a  known  point  on  the  base  line  and  closed  on  another  such  known 
point.  All  elevations  are  referred  to  the  bench  mark  on  the  light- 
house at  Buffalo.  The  elevation  of  this  bench  mark  as  determined 
by  the  lake  survey,  partly  by  spirit  levels  and  partly  by  water  levels, 
starting  from  the  Greenbush  bench  mark  14.73,  is  589.807  feet  above 
mean  tide  at  New  York. 

A  duplicate  line  of  levels  was  run — using  wye  level  and  New  York 
rods — from  this  bench  mark  along  the  right  bank  of  the  Niagara 
River,  via  Tonawanda  and  Lasalle,  to  the  power  house  of  the  Cataract 
Construction  Company  at  Niagara  Falls.     Starting  from  bench  marks 


Fig.  No.  1. 
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Oil  this  line  dupiicatc  lines  of  levels  were  rnn  from  'J'onawanda  to 
Olcott  and  from  Lasalle  to  Lewiston,  and  permanent  ])encli  marks 
establislied  at  fre<jnent  Intervals.  At  each  point  where  observations 
for  azimuth  were  matle  a  monument  was  j)lanted. 

B()KIX(.S. 

liorinfjs  were  made  alonj;  the  <;eneial  line  of  the  survey  and  covered 
the  entire  width  of  any  probable  location  of  the  channel.  The  cross 
sections  on  which  they  were  taken  were  generally  spaced  aV)out  l,o(X) 
feet  apart,  but  if  the  material  peneti-ated  was  irregular  they  were  put 
down  closer  together,  and  when  very  regular  they  were  spaced  farther 
apart.  They  were  carried  to  a  depth  below  the  gi-ade  of  the  30-foot 
cliannel,  or  to  bed  rock — no  attempt  being  made  to  penetrate  the  rock 
farther  than  to  satisfactorily  detei-mine  that  it  was  bed  i-ock  struck 
and  not  detached  bowlders.  Several  diamond-drill  borings  were  put 
down  to  determine  the  character  and  stratification  of  the  bed  rock. 
They  are  fully  described  in  the  report  of  R.  C.  Smith,  superintendent 
of  diamond-drill  borings,  Appendix  No.  19.  Nearly  all  of  these  bor- 
ings are  plotted  on  tlie  published  maps  and  are  designated  thus  O. 
The  figure  preceding  this  mai'k  indicates  the  elevation  of  the  lx)ttom 
of  the  hole,  and,  when  followed  by  the  letter  (R),  indicates  that  rock 
was  struck  at  that  elevation,  the  object  being  to  determine  the  eleva- 
tion of  the  bed  rock,  within  the  limits  of  any  probable  excavation, 
and  the  character  of  the  material  overlying  it.  Samples  were  taken 
of  tlie  various  kinds  of  material  penetrated,  ]>i'esei-ved  in  bottles  and 
properly  lal^eled  for  identification. 

The  apparatus  used  in  making  the  borings  is  shown  in  lig.  1.  A 
2-inch  rope  passed  from  the  drum  over  a  sheave  at  the  top  of  the  der- 
rick and  was  attached  to  the  swivel  in  the  top  of  the  l|-inch  drill 
rods,  which  worked  inside  of  2|-incli  flusli-joint  casing.  Both  the 
casing  and  the  rods  are  those  used  in  ordinary  diamond-drill  work. 
With  a  hand  pump  water  was  forced  through  the  hollow  drill  rods 
and  passed  out  through  four  small  holes  in  the  cross  bit  attached  to 
the  lower  end,  and  then  up  to  the  surface  of  tlie  ground,  through  the 
annular  space  between  the  rods  and  casing,  ])ringing  with  it  all 
loo.sened  material.  The  material  was  loosened,  deiwnding  on  its  char- 
acter, by  churning  the  rods  or  by  turning  them  with  jiipe  tongs.  The 
casing  was  worked  down  by  turning  with  pipe  tongs.  J^owlders  were 
broken  up  with  dynamite  when  encountered.  It  was  necessary  to 
haul  water  in  tanks  with  teams  for  nearly  all  the  holes,  which  added 
materially  to  the  cost  of  the  work. 

The  force  for  making  l>orings  consisted  of  1  superintendent  of  bor- 
ings and  3  boring  ciews,  ♦•ach  composed  of  1  foreman,  3  lab<irers,  aTid 
1  teamster,  with  team  to  haul  water  and  move  the  machines  fn)m  hole 
to  hole. 
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The  surveys  were  begun  September  13,  1897,  and  completed  about 
March  1, 1898,  covering  a  period  of  five  and  one-half  months.  Owing 
to  delays  in  getting  the  apparatus  for  making  borings,  this  part  of  the 
work  was  not  begun  until  November  1,  1897,  and  completed  April  16, 
1898,  covering  a  period  of  five  and  one-half  months. 

Using  the  base  line  for  the  standard,  and  as  'correct,  the  average 
error  of  closure  in  horizontal  distance  for  stadia  circuits  was  1  in 
1,250,  and  the  average  error  of  closure  in  elevation  was  0.177  foot. 

The  survey,  including  the  location  of  all  borings,  was  plotted  on 
the  standard  size  sheets,  28  inches  by  40. 5  inches,  to  a  scale  of  1 :  5000, 
except  in  the  vicinity  of  the  gulf  on  the  Tonawanda-Olcott  route, 
where  a  scale  of  1 :  2500  was  used  for  three  sheets.  These  maps  were 
entirely  completed  by  this  party  for  the  survey  at  Buffalo,  for  the 
Lasalle-Lewiston  route,  and  about  one-third  of  the  Tonawanda-Olcott 
route,  the  other  two-thirds  of  this  route  being  mapped  in  the  main 
office  at  Detroit. 

The  total  length  of  line  surveyed  was  39  miles,  as  measured  along 
the  center  line  of  the  located  canal,  being  divided  as  follows: 

Miles. 

Buffalo,  regulating  works  to  foot  of  Squaw  Island  2, 7 

Tonawanda-Olcott  route,  including  harber  at  Olcotr . .  35. 7 

Lasalle-Lewiston  route ..   . 10.6 


Total .  ;^9. 0 

The  total  cost  of  borings,  which  includes  plant,  repairs,  labor,  and 
all  other  expenses  connected  therewith,  except  surveys  for  location  of 
holes,  was  $6,582. Oo,  or  $168.78  per  mile.  Four  hundred  and  four 
borings  were  put  down  on  the  two  lines,  with  a  total  of  9,624  linear 
feet,  making  a  cost  of  *0.684  per  linear  foot.  '  The  plant  for  both  bor- 
ings and  surveys  was  considered  sunk  when  the  work  was  completed, 
and  its  entire  cost  proportioned  against  the  routes  on  which  it  was 
used.  The  salary  of  the  assistant  engineer  was  charged  to  surveys, 
and  no  part  of  it  to  borings,  the  object  being  to  have  the  borings 
represent  actual  cost  for  such  work,  leaving  out  the  (-ost  of  general 
supervision  and  the  surve}^  for  locating  them. 

The  cost  of  surveys,  which  includes  instruments,  tools,  labor,  and 
all  other  expenses  connected  with  the  field  survey,  mapping,  and  final 
plans  and  estimates,  was  117,049.30,  or  $437.16  per  mile,  making  a 
total  cost  of  the  borings,  surveys,  and  estimates  $605.94  per  mile. 
This  cost  includes  making  the  final  maps  as  published,  but  does  not 
include  plotting  that  part  of  the  Tonawanda-Olcott  route  done  in  the 
Detroit  office. 

It  should  be  stated  that  this  work  was  begun  with  a  party  energetic 
though  inexperienced  in  this  class  of  work,  and  that  most  of  the  field 
work  was  done  during  the  winter  when  the  weather  and  the  shoii} 
days  were  against  rapid  pi-ogress. 
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LASALLE-LEWISTON   ROUTE. 
LOCATION   AND   CHARACTEK   OF    MATERIAL   TO    HE   EXCAVATED. 

After  the  contour  nuips  were  completed  the  location  of  the  canal 
was  laid  down  upon  them  by  the  Board,  it  beinj?  the  same  for  the  21 
and  ;30  foot  channels.  For  the  estimate  for  regulated  lake  surface  it 
was  assumed  that  the  works  for  regulating  the  level  of  Lake  Erie 
would  be  built  at  the  foot  of  the  lake,  as  shown  on  plates  84  and  14, 
and  discussed  in  the  special  report  of  the  jjoard  <m  the  l^csrnlat ion  of 
the  Level  of  Lake  Erie,  Appendix  No.  G. 

The  channel  ()0()  feet  wide  originates  at  deep  water  in  the  lake  and 
passes  to  the  right  of  tlie  regulating  works  through  the  Erie  Basin  to 
the  head  of  Black  Rock  Harbor,  where  it  narrows  up  to  the  regular 
canal  prism  and  continues  to  the  foot  of  S([uaw  Island,  where  it 
widens  to  <»(>()  feet.  At  the  head  of  the  island  lock  No.  1,  with  a  lift 
at  low  water  of  8  feet,  is  located.  From  the  foot  of  the  island  the 
600-foot  channel  continues  down  the  Niagara  River,  passing  to  the 
right  of  Strawberry  Island  and  Grand  Island  to  Tonawanda  (at  which 
point  the  Tonawanda-Olcott  route  leaves  the  Niagara  River),  and 
thence  to  the  head  of  Cayuga  Island,  where  the  channel  contracts  to 
the  regular  canal  prism  on  leaving  the  river,  and  continues  in  a  north- 
westerly direction  through  the  village  of  Lasalle  and  to  above  the 
escarpment  at  I.ewiston.  It  then  descends,  b^^  a  double  flight  of  six 
locks  and  a  double  flight  of  two  locks,  to  the  Niagara  River. 

There  is  a  level  1,730  feet  long  between  the  two  flights  of  locks. 
The  total  lift  of  the  two  fliglits  at  Lewiston  at  low  water  is  318.8  feet. 
From  Lewiston  to  Lake  Ontario  the  river  is  from  40  to  GO  feet  deep, 
and  does  not  require  an}'  improvement  for  a  channel  of  either  21  or  30 
feet  depth.  In  the  lake,  off  the  mouth  of  the  river,  there  is  a  shoal 
over  which  vessels  drawing  21  feet  can  pass,  but  to  make  a  channel 
30  feet  deep  and  1,000  feet  wide  would  require  the  excavation  of  about 
654,000  cubic  yards  of  sand  and  gravel. 

MATERIAL. 

The  material  to  be  excavated  on  this  route  is  earth,  sand,  gravel, 
clay,  hardpan,  limestone,  and  shale,  but  the  classiflcation  for  the  pur- 
poses of  making  estimates  will  consist  of  solid  rock,  which  includes 
both  the  limestone  and  shale;  hardi)an  and  earth,  which  includes 
silt,  loam,  clay,  sand,  gravel,  and  all  other  material  which  can  be 
easily  excavated  with  steam  shovels. 

Extending  from  shore  to  sh<n'e  and  from  lock  No.  1  to  deep  water 
in  Lake  Erie  there  is  a  ridge  of  hard  limestone,  known  as  corniferous 
limestone,  almost  entirely  bare  except  in  Black  Rock  Harbor,  where 
it  is  covered  with  sand,  gravel,  and  clay.  The  rock  disappeai*s  l)elow 
grade  just  below  lock  No.  1  and  shows  up  again  opposite  Strawberry 
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Island,  for  a  distance  of  about  1  mile,  and  again  opposite  Frog  Island, 
for  a  distance  of  500  feet.  At  this  point  it  disappears  below  grade 
again,  and  then  shows  up  opposite  Tonawanda  Island.  From  Tona- 
wanda  to  the  Niagara  Kiver  at  Lewiston  the  rock  is  to  l)e  found  at  or 
above  the  grade  of  the  channel.  The  corniferous  limestone  runs  out 
soon  after  leaving  Lake  Erie.  From  this  point  the  rock  outcrop  is 
composed  of  Salina  shales  to  the  vicinity  of  Lasalle,  and  the  Niagara 
limestone  is  found  from  there  to  the  escarpment. 

To  determine  the  character  of  the  rock,  five  diamond-drill  borings 
were  put  down  at  various  points  north  of  Lasalle.  Boring  No.  1  was 
about  one-half  mile  north  of  Lasalle  and  400  feet  to  the  right  of  sta- 
tion 910.  Light-graj'  Niagara  limestone  was  struck  at  elevation  550 
feet  above  sea  level  and  the  boring  penetrated  it  26  feet  to  elevation 
524.  It  is  a  hard  rock  in  thin  broken  strata,  but  near  the  bottom  a 
stratum  28  inches  thick  was  struck.  The  giade  <>f  the  channel  from 
Lasalle  to  lock  No.  2  is  533.5  feet. 

Boring  No.  2  is  located  near  Gill  Creek  and  about  740  feet  to  the 
right  of  station  1090.  Rock  was  struck  at  elevation  57!>  and  pen- 
etrated 56  feet  to  elevation  523.  It  was  limestone  in  thin  broken 
layers  and  very  dark  in  color  for  34  feet,  but  the  other  22  feet  was 
lighter  in  color  and  quite  solid. 

Boring  No.  3  is  just  above  the  escarpment  and  700  feet  to  the  right 
of  station  1220  of  the  channel.  It  is  also  east  of  lock  No.  2,  and  just 
south  of  Lewiston.     The  stratification  was: 

595  to  557,  Hard  light  gray  Niagara  limestone,  quite  solid  and  grad- 
ually merging  into  shale  at  the  bottom. 
557  to  491.  Niagara  shale,  firm  but  easily  broken  into  short  pieces. 

The  last  20  feet  contains  many  fossil  shells.    At  the  bottom  it  merges 

gradually  into  Clinton  limestone. 
491  to  460.  Hard  Clinton  limestone  of  blue-gray  color. 
460  to  417.  Sandstone  intermixed  with  thin  layers  of  red  shale.     It 

varies  in  color  fi'om  gray,  mottled,  and  red,  and  is  knoNvn  as  Medina 

sandstone. 

Boring  No.  4  is  located  on  the  side  of  the  escarpment,  and  is  intended 
as  a  continuation  of  boring  No.  3.     It  is  about  1,200  feet  to  the  right 
of  station  1240,  and  opposite  lock  No.  5.     The  stratification  was : 
389  to  367.  Verj"  hard  light  gray  sandstone,  known  as  quartzose  sand- 
stone. 
367  to  330.  Firm,  red  shale  mixed  with  bands  of  green  shale.     The  line 

of  demarcation  between  the  sandstone  and  red  shale  is  well  defined. 

Boring  No.  5  is  north  of  Lewiston,  and  about  2,800  feet  to  the  right  of 
station  1300,  where  the  channel  enters  the  Niagara  River.     The  strati- 
fication is: 
335  to  239.  Soft,  red  shale,  mixed  with  bands  of  green  shale  broken  up. 

Below  elevation  264  there  are  occasional  bands  of  hard  shale. 
239  to  209.  Firm,  red  shale  in  thin  horizontal  la.yers. 
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All  the  rock  peuetnitt'd  by  the  above  five  l)orin^s  is  in  ihiX  1h>«m>, 
with  a  dip  to  the  south  of  about  30  feet  to  the  mile.  Praetieally  all 
the  rock  to  be  excavated  between  Tonawanda  and  lock  No.  2  at  Lewiston 
is  limestone,  ])ut  the  excavation  for  the  two  tli^lits  of  locks  will  include 
all  the  different  rocks  found  in  borinjfs  Nos.  3,  4,  and  o.  The  general 
chaiaeter  of  these  rocks  is  pretty  well  known  and  need  not  be  further 
described  or  considered  except  to  determine  the  foiinof  the  side  slopes 
in  the  deep  cut  at  the  escarpment,  and  to  decide  as  to  their  suitable- 
ness for  foundations. 

As  to  the  latter  point,  it  may  l)e  said  that  all  of  the  rocks  will  afford 
good  foundations  for  locks  at  the  elevation  required.  The  limestones 
and  sandstones  are  solid  and  tii-m  and  show  little  or  no  si<;ns  of  dis- 
intej^i-ation  wIumi  exposed  to  the  action  of  the  elements  for  centuries, 
but  all  of  the  shales  when  so  exposed  disintegrate  to  a  greater  or  less 
extent.  According  to  geologists  the  gorge  of  the  Niagai-a  River  at 
Lewiston  has  been  in  existence  from  sixty  to  one  hundre<I  centuries 
and  it  has  not  widened  to  any  great  extent  during  that  time,  although 
the  exposed  faces  of  the  shales  show  marked  signs  of  disintegration. 
Nearly  vertical  faces  of  Niagara  shale  are  exposed  at  "The  (iulf," 
west  of  Lockport  and  near  diamond  drill  borings  No.  3,  which  show 
decided  indications  of  disintegration  under  the  action  of  the  elements, 
but  it  has  stood  for  centuries  without  receding  more  than  a  few  feet. 
The  Erie  Canal  at  Lockport  is  cut  through  a  ridge  of  Niagara  shale, 
and  the  northwest  bank  of  this  cut  stands  nearly  vertical  and  shows 
but  little  signs  of  disintegration,  though  it  has  been  exposed  to  the 
elements  over  fifty  years.  During  the  winters  of  1890-07  and  18H7-98 
the  Erie  Canal  was  deepened  above  Lockport,  much  of  the  excavated 
material  being  Niagara  shale,  which,  after  being  broken  up  and 
exi)Osed  to  the  action  of  the  weather  in  the  spoil  banks,  disintegrated 
very  rapidly.  This  same  shale  was  solid  and  firm  where  it  formed 
the  walls  of  the  canal  prism  below  the  ordinary  water  level.  The 
shale  excavated  from  the  wheel  pits  at  Niagara  Falls  disintegrated 
very  rapidly  when  exposed  to  the  action  of  the  weather. 

The  conclusion  reached,  after  examining  the  shales  found  above  the 
escarpment  on  both  routes,  is  that  they  are  perfectly  stable  when 
under  water  and  disintegrate  slowly  when  left  in  the  natural  bed,  with 
faces  at  right  angles  to  it,  exposed  to  the  action  of  the  elements,  but 
when  broken  up  and  placed  in  spoil  banks  tiiey  rapidly  deteriorate. 

The  shale  found  below  the  escarpment  at  Lewiston  is  of  a  red  color 
and  soft  near  the  top,  but  becomes  much  harder  near  the  bottom  of 
the  proposed  excavation.  It  crumbles  rapidly  when  broken  up  and 
exposed  to  the  elements  and  finally  becomes  a  red  clay.  It  do<'s  not 
disintegrate  under  water  and  affords  good  foundations. 

Taking  up  the  material  overlying  the  bed  rock  and  within  the  limits 
of  the  excavation  for  a  channel  of  30' feet  depth,  it  is  found  to  be  silt, 
sand,  gravel,  bowlders,  and  clay,  and  may  be  classified  under  the  one 
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general  head  of  drift.  At  Squaw  Island  it  is  generally  sand  and  gravel, 
with  a  few  feet  of  silt  on  top,  and  near  the  head  of  the  island  is  found 
to  be  gravel  and  bowlders  cemented  together,  forming  a  hard  mass. 

From  Squaw  Island  to  the  head  of  Cayuga  Island,  where  the  channel 
leaves  the  river,  sand  and  gravel  are  found,  which  can  easily  be  dredged. 
From  this  point  to  the  escarpment  a  firm  yellow  clay  is  found  on  top, 
a  soft,  reddish  clay  almost  entirely  free  from  grit  and  var3'ing  in 
thickness  from  2  to  10  feet  is  found  under  this  from  the  river  to  about  1 
mile  north  of  Lasalle.  Under  this  soft  clay  and  extending  north 
to  Lewiston  is  found  a  mixture  of  red  clay  and  gravel,  which  in  some 
places  is  a  perfect  hardpan  and  in  other  places  it  is  not  much  harder 
than  a  good  firm  clay.  Below  the  escari^ment  the  drift  is  sand,  gravel, 
clay,  and  bowlders — the  bowlders  being  generally  limestone,  angidar 
in  shape,  and  are  probablj'^  fragments  broken  off  from  the  cliff  above. 
As  a  rule  a  layer  of  sand  or  gravel  from  G  to  12  inches  thick  is  found 
immediately  above  the  rock  and  below  the  hardpan  or  clay  from  Lasalle 
to  Lewiston. 

GRADES. 

In  connection  with  the  discharge  measurements  of  the  Niagara  River 
at  Buffalo,  which  were  taken  from  October,  1897,  to  December,  1897, 
by  E.  PI  Haskell,  United  States  assistant  engineer,  several  gauges 
where  established  from  Lake  Erie  to  the  foot  of  Squaw  Island  and 
read  to  measure  the  slope  of  the  river  at  the  several  points.  To  deter- 
mine the  slopes  farther  down  the  river,  I  established  gauges  at  Ger- 
mania  Park  dock  opposite  Strawberry  Island,  Rattlesnake  Island,  the 
bridge  across  the  river  to  Tonawanda  Island,  near  the  head  of  Cayuga 
Island,  and  Schlosser's  dock,  and  had  them  read  several  times  daily 
from  October  23  to  December  1(3.  At  times  of  high  or  low  water, 
caused  by  strong  winds  on  Lake  Erie,  each  one  of  these  gauges  was 
read  every  ten  minutes  during  the  da3\  In  this  way  the  low  water 
slope  of  the  river  under  present  conditions  was  determined  from  point 
to  point.     This  slope  is  shown  for  a  low  stage  on  plate  90. 

For  an  elevation  of  the  lake  571.3,  the  corresponding  elevation  of 
the  surface  of  the  water  in  the  river  at  the  various  points  given  would 
be  as  follows: 

Foot  of  Squaw  Island- 566.4 

Germania  Park 566 

Rattlesnake  Island _..   565. 5 

Head  of  Tonawanda  Island 565. 13 

Head  of  Cayuga  Island 563.  63 

Schlossers  Dock . 563.08 

If  the  lake  be  taken  as  570.5,  then  the  head  of  Tonawanda  Island 
would  be  564.6  and  the  head  of  Cayuga  Island  563.17. 

For  the  purposes  of  making  the  estimates,  the  elevation  at  Tona- 
wanda was  taken  as  565  and  at  Oayuga  Island  as  563.5,  which,  under 
present  conditions,  corresponds  with  elevation  571  of  Lake  Erie.     But 
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it  is  certjiiii  tliat  \\w  sl()[)o,  especiHlly  from  Tonavvanda  to  Lasallc,  will 
be  reduced  wlieii  the  channel  UOO  feet  wide  and  30  feet  deep  is  (con- 
structed. How  much  this  reduction  will  be  cannot  be  predetermined 
on  present  data,  but  the  water  level  at  Cayuga  Island  can  be  regu- 
lated within  the  limits  required  by  depositing  the  necessary  amount 
of  the  excavated  rock  in  the  river  below  the  head  of  the  island, 
thereby  reducing  the  cross  section  of  the  river  to  the  required  area 
and  shape.  The  elevations  of  the  water  surface  from  deep  water  in 
the  lake  to  the  head  of  lock  No,  1,  on  which  estimates  are  based,  are 
for  the  regulated  level  574.5  and  for  standard  low  water  571.4.  The 
lock  will  have  a  lift  at  low  water,  after  regulating  works  are  built,  of 
8  feet,  making  the  grade  immediately  below  5G0.5,  which  corresponds 
to  elevation  571  of  the  unregulated  lake. 

The  slope  is  considered  as  uniform  from  this  point  to  Tonawanda 
and  to  Cayuga  Island.  From  Cajuga  Island  to  lock  No.  2  the  water 
surface  is  563.5  and  level  throughout;  from  Tonawanda  to  lock  Xo.  2 
on  the  Tonawanda-Olcott  route  the  water  surface  is  505  and  level 
throughout.  The  levels  below  locks  No.  2  on  each  route  depend  on 
the  lift  of  the  locks,  which  will  be  further  considered  under  the  head 
of  locks.  For  the  21-foot  channel  and  30-foot  channel  the  elevation 
of  the  bottom  of  the  channel  is  21  feet  and  30  feet,  respectively,  below 
the  low- water  surface,  following  the  slope  in  the  river  and  being  level 
through  the  canal  sections. 

Retaining  walls  and  slope  walls  are  provided  in  accordance  with 
the  standard  plans  and  designs,  except  for  the  retaining  wall  between 
the  canal  and  river  from  the  regulating  works  to  lock  No.  1,  where  it 
is  made  of  concrete  masonry,  with  a  top  width  of  12  feet  and  the  base 
not  less  than  two-thirds  the  height. 

The  locks  are  of  the  standard  design  adopted  by  the  Board,  with 
such  variations  as  are  necessary  to  fit  local  conditions  at  eacli  place. 

Theii-  size  for  the  30- foot  channel  is  740  feet  by  80  feet  for  single 
locks,  but  for  double  locks  one  is  60  feet  wide  and  the  other  80  feet 
wide,  both  being  740  feet  long.  For  the  21-foot  channel  all  locks  are 
600  feet  by  60  feet.  The  filling  and  emptying  culverts  are  located  in 
the  lock  walls.  Miter  gates  are  used  in  all  cases.  The  details  of  the 
lock  construction  are  given  in  Appendix  No.  1. 

Lock  No.  1,  at  Buffalo,  is  a  double  lock  of  8  feet  lift  and  founded  on 
solid  rock.  Its  various  parts  conform  to  the  standard  design,  except 
that  the  w'all  on  the  river  side  is  made  thicker  than  the  one  on  the 
land  side  on  account  of  having  water  on  both  sides  of  the  wall. 
Water  power  for  driving  the  operating  machinery  can  be  developed 
above  the  lock. 

Above  lock  No.  2,  at  Lewiston,  the  elevation  of  low  water  is  563.5, 
as  heretofore  explained.  Below  lock  No.  !•  the  standard  low  water 
of  the  Niagara  Kiver  is  244.7.  niakiiii.'  ;i  total  fall  of  318. S  t"t't't  to  be 
overcome  by  locks. 
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From  a  casual  inspection  of  the  profile  at  this  point  it  is  evident 
that  single  locks  with  a  basin  between  would  involve  an  unnecessary- 
amount  of  excavation.  It  is  also  evident  that  a  single  flight  of  locks 
would  seriously  delay  the  traffic  when  ships  were  going  in  opposite 
directions.  To  provide  the  greatest  capacity  at  the  minimum  cost  a 
double  flight  of  locks  should  be  constructed. 

The  arrangement  finally  decided  upon  is  shown  on  plate  15,  and  the 
design  is  shown  on  jilate  09. 

For  the  30-foot  channel  estimates  are  made  on  a  flight  of  6  double 
locks  of  40  feet  lift  each  and  a  flight  of  2  double  locks  with  a  lift  of 
39.4  feet  each;  also  for  a  flight  of  8  double  locks  of  29  feet  each  and 
a  flight  of  3  double  locks  with  lifts  of  28.93  feet  each.  These  esti- 
mates show  that  the  locks  of  40  feet  lift  can  be  built  $4,000,000  cheaper 
than  those  of  30  feet  lift.  In  both  cases  there  is  a  level,  with  connect- 
ing side  basin,  to  reduce  the  fluctuations  of  the  water  surface  when 
putting  in  or  taking  out  a  lockful  of  water  between  the  two  flights  of 
locks. 

The  channel  throughout  the  length  of  this  level  and  also  for  2,500 
feet  above  the  head  of  lock  No.  2  is  excavated  2  feet  below  grade,  so 
as  to  insure  a  full  depth  of  channel  when  the  locks  are  being  filled. 

For  the  21-foot  channel  estimates  were  made  only  for  locks  of  40 
feet  lift,  as  it  is  quite  evident  that  those  of  30  feet  lift  would  cost  more 
and  would  not  be  so  eflicient. 

Water  power  for  driving  the  operating  machinery  and  i)umping  out 
the  locks  may  be  developed  cheaply  by  nuiking  an  open  cut  from  the 
channel  at  a  point  above  lock  No.  2  to  the  top  of  the  bluff  near  the 
Suspension  Bridge,  and  then  carr3'ing  the  water  down  the  side  of 
the  bluff  to  the  wheel  pit  situated  between  the  foot  of  the  bluft"  and  the 
Niagara  River. 

The  tail  race  can  be  made  by  tunneling  from  the  bottom  of  the 
wheel  pit  to  the  river.  This  arrangement  would  give  a  head  of  300 
feet.  It  can  also  be  develoi^ed  by  carrying  the  water  in  pipes  along 
the  west  wall  of  the  locks  from  the  head  of  lock  No.  2  to  opposite  lock 
No.  7,  where  a  wheel  pit  could  be  made  and  the  tail  water  pass  out 
through  the  tunnel  to  the  river.  By  this  arrangement  a  head  of  270 
feet  can  be  obtained.  The  power  maj'  then  be  distributed  b}'  elec- 
tricity or  by  compressed  air  to  the  points  required  for  the  two  fiights 
of  locks. 

The  power  will  be  needed  for  lighting,  operating  the  gates  and 
valves,  and  pumping  out  lock  No.  9.  It  is  evident  that  locks  Nos.  2, 
3,  4,  5,  and  0  can  each  be  drained  into  the  next  lower  lock,  and  a 
tunnel  from  the  bottom  of  lock  No.  7  to  the  river  will  drain  this  lock 
and  also  provide  the  tailraee  for  the  water  used  in  developing  the 
power.  To  provide  against  unequal  leakage  in  the  several  locks  of  the 
flight  a  pipe  3|^  feet  in  diameter  is  carried  in  the  middle  wall  from  the 
head  to  the  foot  of  the  flight.     Valves  are  provided  to  supply  water  to 
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eacli  lock  of  the  flifjhl.  The  level  basin  l>el\ve('ii  th<>  two  flij;hts  is 
provided  with  a  spillway'  to  carry  ofT  surplus  water  wliich  is  not  needed 
in  locking  through  tlie  second  flij^ht.  It  is  evident  that  h)ck  No,  H  can 
be  drained  into  lock  No.  9,  but  on  account  of  the  river  beinj;  liii;her 
than  the  bottom  of  the  lock,  it  will  be  necessary  to  provide  a  pumping 
plant  to  empty  lock  No.  '.K 

The  Niagara  River  from  Lewiston  to  its  moutii  atVords  a  magnificent 
harbor  7  miles  long  and  from  40  to  00  feet  deej),  which  already  exists 
and  will  cost  nothing  to  maintain. 

STREAMS  CROSSED. 

The  channel  crosses  Caj'uga  Creek,  Gill  Creek,  and  Fish  Creek, 
each  of  which  can  be  taken  into  the  canal. 

There  is  very  little  or  no  flow  in  Cayuga  Creek  at  low  stages.  I^s 
depth  is  from  G  to  S  feet  and  is  due  to  the  backwater  from  Niagara 
River.  The  present  water  surface  is  therefore  about  the  same  as  the 
proposed  water  surface  in  the  canal.  Starting  at  a  point  700  feet  to 
the  right  of  station  885,  the  prism  of  the  creek  can  be  enlarged  and  made 
to  enter  the  canal  at  station  HSo  with  a  width  of  300  feet  and  10  feet 
deep,  which  would  give  a  low-water  cross  section  of  3,000  square  feet 
and  bring  the  flood  waters  into  the  channel  at  a  velocity  of  about  one- 
half  foot  per  second.  This  would  not  erode  the  banks  nor  interfere 
with  navigation.  It  is  also  proposed  to  put  a  sill  across  the  creek 
3  feet  abiove  its  bed,  so  that  any  sand  and  silt  washed  down  by  the 
stream  would  be  deposited  before  entering  the  canal. 

Gill  Creek  at  station  1002  is  a  small  stream,  with  no  flow  except  at 
times  of  rains  or  melting  snows.  Its  bed  is  composed  of  earth  and  is 
about  '24  feet  above  the  water  surface  of  the  canal,  but  solid  rock  is 
found  about  5  feet  above  this  water  surface.  It  is  proposed  to  exca- 
vate the  earth  100  feet  wide  back  about  200  feet  and  then  build  a  dam 
or  retaining  wall  up  to  the  bed  of  the  stream.  The  waters  will  pour 
over  this  wall  onto  the  rock  below  and  then  into  the  channel. 

Fish  Creek  is  crossed  at  station  1214.  It  has  no  flow  except  at  times 
of  rain  or  melting  snow,  and  the  flood  discharge  is  small.  It  is  pro- 
posed to  divert  it  so  that  it  will  enter  the  canal  opposite  station  1210. 
This  diversion  will  be  in  solid  rock,  with  a  channel  100  feet  wide  and 
5  feet  below  the  water  surface  in  the  canal  for  a  distance  of  50  feet 
back  from  the  channel  line.  Hack  of  this  point  the  grade  of  the 
diversion  will  be  such  as  to  carry  the  water  from  the  present  bed  of 
the  creek. 

Bridges  and  njad  changes  rec^uired  are  as  follows: 

At  station  127  the  channel  crosses  the  (4raiid  Trunk  Railroad, 
which  will  require  a  single-track  swing  bridge. 

At  Lasalle,  from  station  8(50  to  station  875,  it  will  be  necessary  to 
build  a  combiuetl  swing  bridge  to  accommodate  the  highway  travel, 
and  a  double  track  for   the    Buffalo   and   Niagara    Falls    Electric 
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Railway  and  0,5  mile  of  new  road;  a  double-track  swing  bridge  for 
the  New  York  Central  Railroad  and  1.8  miles  of  new  roadbed,  and  a 
single-track  bridge  for  the  Erie  Railroad  and  2.1  miles  of  road. 

It  is  also  necessary  to  build  1.5  miles  of  new  highway  to  the  right 
of  the  channel.  The  highway  travel  can  ))e  accommodated  by  a  ferry 
at  station  910. 

At  station  1040  a  double-track  swing  bridge  should  be  built  for  the 
New  York  Central  Railroad,  and  also  to  accommodate  the  highway 
travel.  It  will  also  be  necessary-  to  move  the  junction  of  the  Niagara 
Construction  Company's  Railroatl  farther  west,  involving  the  build- 
ing of  1.3  miles  of  new  roadbed. 

A  highway  bridge  must  be  provided  near  station  1188. 

At  Lewiston  a  crossing  must  be  provided  for  the  New  York  Central 
and  the  Rome,  Watertown  and  Ogdensburg  railroads,  which  maj"  be 
done  bj^  building  a  fixed  bridge  across  the  channel  at  Lock  No.  4,  near 
station  1235,  and  bringing  both  roads  to  it  on  top  of  the  bluff,  instead 
of  following  down  the  gorge  of  the  Niagara  River,  as  at  present.  After 
crossing  the  bridge  both  roads  would  drop  to  the  level  of  the  lower 
plane  by  an  easy  descent  along  the  side  of  the  escarpment  and  to  the 
present  junction  of  the  two  roads.  Lewiston  could  then  be  reached 
by  a  separate  line  to  the  east  of  Lock  No.  9. 

This  would  require  the  building  of  5.9  miles  of  new  double-track 
and  3  miles  of  single-track  road. 

A  highway  crossing  in  the  village  of  Lewiston  must  be  provided 
which  can  also  be  used  for  the  crossing  of  the  electric  railway.  This 
can  be  accomplished  by  building  a  bridge  over  Lock  No.  9  and  con- 
necting the  railways  with  it  on  both  sides,  Involving  the  building  of 
1.3  miles  of  single-track  electric  railway. 

A  tunnel  under  the  canal  must  also  be  provided  at  Buffalo  for 
carrying  the  water  supply  from  the  in-take  pipes  to  the  waterworks 
pumps. 

Estimates  are  based  on  the  following  widths  of  channel : 

From  deep  water  in  Lake  Erie  to  Black  Rock  Harbor,  600  feet  wide; 
from  Black  Rock  Harbor  to  the  foot  of  Squaw  Island,  canal  section, 
in  the  Niagara  River,  600  feet  wide;  from  Lasalle  to  the  river  at 
Lewiston,  standard  canal  section. 

Table  No.  1,  following,  shows  the  existing  railways  and  highways 
that  cross  the  proposed  center  line;  No.  2,  the  location,  length,  and 
cost  of  the  proposed  bridges  required  on  this  route;  No.  3,  the  location, 
cost,  etc.,  of  locks;  No.  4,  the  detailed  estimates  for  30-foot  channel, 
and  No.  5  the  detailed  estimates  for  the  21-foot  channel. 
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Table  No.  1. — Existing  crossings — Lasalle- Letmston  route. 


Location. 

Present 
grade. 

Remarks. 

Place. 

Station. 

Railway. 
International  bridge . 
Lasalle 

128 

852+50 
853+50 

854+50 

1040 

1336 
1245 

1358 

852+.5() 

mi 

864 

909 

991 

1019, 1023, 1(J27 

1031,l(m,10:i5 

1048 

1052, 1057 

1061,1065 

1095 

1188 

1225 

1277 

1284 

590.0 
573.0 
576.0 

576. 0 

604.0 

548.0 
370.0 

34.5.0 

573.0 
574.0 
574. 0 
573.0 
597.0 

} 

Single-track  railroad  Iwtween  bridge  over  Niag- 
ara River  and  the  one  over  Black  Rock  Harlxjr. 

Buffalo  and  Niagara  Falls  Electric  R.  R.,  double 
track. 

New  York  Central  and  Hudson  River  R.  R., 
douV)le  track,  Buffalo  and  Niagara  Falls 
branch. 

New  York,  Lake  Erie  and  Western  R.  R., 
single  track,  Buffalo  and  Niagara  Falls 
branch. 

New  York  Central  and  Hudson  River  R.  R., 
double  track,  Niagara  Falls  and  Lockport 
branch. 

Rome,  Watertown  and  Ogdensburg  R.  R..  single 
track. 

Do 

Do 

Lewiston 

Do 

Do 

Niagara  Falls  and  Lewiston    brancth.   single 
track. 
Do 

Highways. 
Lasalle 

Not  much  used. 
Mile-line  road. 
Packard  road. 

Streets  laid  out,  but  in  no  way  improved. 

Lockport  road. 

Streets  plotted,  but  not  improved. 

Witmere  road. 

Reservation  road. 

River  road. 

Center    street,    single-track    electric    railroad, 

Lewiston  to  Youn^ton. 
Second  street  or  River  road;  streets  are  also 

crossed  at  1258. 1284, 1371.  and  1290,  but  they  are 

only  slightly  improved. 

606.0 

Lewiston 

603.0 
616.0 
593.0 
346.0 

360.0 

Do 

Table  No.  2. — Location,  cost,  etc.,  of  proposed  bridges — LascUle-Lewiston  Route. 


Sta- 
tion. 

Kind  of  bridge. 

Num- 

Swing or 
fixed. 

Num- 
ber of 
spans. 

Thirty-foot 
channel. 

Twenty -one  foot 
channel. 

Location. 

ber  of 
tracks. 

Total 
length. 

Esti- 
mated 
cost. 

Total 
length. 

617i 
590 

530 
517i 
687 

556 
333 
197 

100 
30 

Esti- 
mated 
cost. 

International 

bridge. 
Lasalle 

Do 

Do 

Do 

Do  

128 
861 

868 
874 
1(M0 

1188 

Railway 

Highway  and 
electric  rail- 
way. 

Railway 

do 

Highway  and 
railway. 

Hijfhway 

1 
2 

1 
2 

Swing.. 
....do... 

....do... 
....do... 
....do... 

....do... 

1 
1 

1 
1 
3 

1 

1 
1 

1 

537i 
550 

550 
537i 
711 

680 
353 
2iOi 

1146,686 
165,230 

225,607 
138,330 
303,628 

68,546 

101, 5?3 

47,434 

8,504 
7,006 

1.192,532 

$139,650 
130,31)6 

3(H,575 

15:1,398 

a  376, 08:1 

63,478 
92,386 
44,098 

8,504 
7.006 

Do 

Lewiston 

Do 

Lasalle 

12:» 
1392 

890 
1236 

Railway 

Highway  and 
electric  rail- 
way. 

Bridges  not  ov 

Highway 

2 
1 

er can& 



Fixed.. 
Swing.. 

1. 
Fixed.. 
...do... 

Do 

Railway 2 

1           30 

Total.... 

1,109,408 

a  Double-deck,  draw  span,  and  two  63-foot  girders. 

„  „.  ,         ,    . ,  Feet  clear  opei 

Note.— Highway  bridges  

Sinjfle-track  railway  bridges """  14 

Double-track  railway  briages IIIIIII 38 

Double-track  double-deck  bridges .,../..'.'.'..    "  29 
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Table  No.  3. — Lasalle-Leiviston  route. 
LOCKS. 


Location. 

Length 
of  level 
above. 

No. 

Lift. 

Kind. 

Elevation  stand- 
ard, low  water. 

Place. 

Station. 

Single  or 
double. 

Individual  or 
in  flight. 

Above 
lock. 

Below 
lock. 

Buffalo    

88+97 
1330+47 

Milea. 

1 
3 
3 
4 

Feet. 
8 
40 
40 
40 

Double - 
....do... 
....do... 

Individual . . . 

Flight 

do 

574.5 
5«3.5 
.■)33.5 
48:3.5 
44.3.5 
403.5 
363.5 
333.5 
384.1 

566  5 

Lewiston,  upper  flight 
Do.   

21.3 

52:5.5 
48:3  5 

Do 

...  do 

do 

443  5 

Do   

5     40 

....do 

do 

403  5 

Do 

6 

7 
8 
9 

40 
40 
39.4 
39.4 

....do... 
.  do 

do 

do 

363  5 

Do 

1357+47 
1384+47 
1391+87 

333  5 

Lewiston,  lower  flight 
Do 



0.4 

-...do... 
do 

do 

do 

384.1 
344  7 

COST.a 


Location. 


30-foot 
channel. 


31-foot 
channel. 


Operating 
machin- 
ery. 


Buffalo 

Lewiston,  upper  flight 
Lewiston,  lower  flight 

Total 

Operating  machinery. 

Total 


bijl,135,413  $100,000 

si  953!  169  /        5fW,(-00 


13.394,196 
tiOO.OOO 


600,000 


19,037,004        13,894,196 


a  The  cost  is  that  of  the  structure  complete  except  the  excavation. 
6  For  regulated  lake  level. 

Table  No.  4.— Estimate  for  ^O-foot  channel. 
NIAGARA  RIVER  (FROM  STATION  —85  TO  STATION  8291. 


With  regulating  works. 

Earth cubic  yards. 

Rock,  dry do... 

Rock,  wet  (in  Lake  Erie)  do... 

Rock,  wet  (in  Niagara  River) do... 

Hardpan do... 

Regiilating  works 

Lock  No.  1 

Operating  machinery 


Total. 


Without  regulating  works. 

Earth cubic  yards. 

Hardpau do... 

Rock,  dry do... 

Rock,  wet  (in  Lake  Erie) do... 

Rock,  wet  (in  Niagara  River)  do... 

Lock  No.  1 

Operating  machinery 


Total. 


Quantities  common  to  both  plans. 

Retaining  wall cubic  yards. 

Slope  wall square  yards. 

Back  fill.. cubic  yards. 

Timber  cribs,  pine feet  B.  M. 

Hemlock do... 

Oak do... 

Iron pounds. 

Stone  fill cubic  yards. 

Bridges number. 

Right  of  way acres. 

Tunnel  waterworks linear  feet. 


Total. 


Quantity.    /-''^fn^P'"!     Total. 


13,009,231 

90.014 

1,687,650 

9,138,800 

4,aoo 


$0.15  I 

LOO  I 

3.00  I 

3.00 

.30 


$1,951,383 

90,014 

.5,062.950 

18,257.600 

1,360 

796.933 

1.730,358 

100,000 


1:5,045,431 

4,200 

90,014 

2.327,900 

9,434.300 


.15 

.30 

1.00 

3.00 

2.00 


224,148 

33. 9.57 

333, 703 

7.56. 860 

4,012,480 

48.000 

436,330 

58,860 

1 

46 

1,000 


4.00 

LIO 

.25 

a;50.00 

«23.00 

n.50.00 

.03 

.60 


4,000.00 
.30.00 


37,980.488 


1,956,813 

1,360 

90,(114 

6,683,700 

18,848.600 

1,736,838 

100,000 


39,407,335 


896,593 

25,253 

55.936 

22,706 

9^,287 

2,400 

13.090 

35,316 

146,686 

184,000 

30,000 


1,504,356 


a  Per  1,000  feet. 
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Table  N(i.  4. — Estimate  for  .in-jOot  clutmui — ('ontinrueti. 
SUMMARY  FOR  NIAOARA  RIVER. 

With  regulating  works: 

Excavation,  etc |27.Wii,4«8 

Retaining  wall,  etc I,.ji4,25« 


Total 


29.4^,744 


Without  regulating  works: 

Excavation,  etc 29.4<>7.225 

Retaining  walls,  etc : l,.'»iM,iTO 


Total. 


:iii  'U!  4x1 


CANAL  SECTIOX  (STATION  829  TO  STATION  1313). 


Quantity. 


Co.st  pt 
unit. 


Total. 


K.rcurotion. 

Lasalle  to  foot  of  the  first  flight  of  locks  (82!)  to  l.'tC  +  21 ) : 

Earth cubic  yards. .         6,707,150 

Hardpan do....         1,094,400 

Rock do...        2«I.(J91,40() 

Foot  of  first  to  foot  of  f^e<tond    flight  of  locks  (1202  +  21  to  i 
125tt5(-tJl): 

Earth cubic  yards..         2,o;JO, 477 

Rock do. ...I       l,997,4r,t; 

Foot  of  second  flight  of  locks  to  30-foot  depth,  Niagara  River  | 
( 12915 +  ei  to  1313):  | 

Earth  .  _ cubic  yards . .  i  170, 378 

Rock,  dry do....  112,496 

Rock,  wet do.... I  l!t<».29t) 

Walls,  locks,  etc.  j 

Retaining  wall cubic  yards..  lu'(.88l 

Slope  wall square  yards.. i  29,713 

Back  fi  1 cubic  yards..!  827,794 

Timber  cribs: 

Pine feetB.  M..  170,960 

Hemlock do....i        1,138,080 

Oak do  ..  7,440 

Iron pounds.-  119,43.5 

Stone  filling cubic  yards..  l.i.iHXl 

Locks  2  to  9,  inclusive 

Operating  machinery 

Bridges number.. 

Steam  ferries do 

Railroad  changes 

Entrances  of  streams 

Right  of  way : 

Village  property acres . . 

Farm  property do 


go.  20 
.3<j 


.20 
.6.5 


4.  (R» 

1.10 

.25 

a. 30. 00 

rt  '£i.  00 

a  50.  (X) 

.03 

.60 


1  I. 


a5») 

,055 


Total. 


$1,341,4;» 

328.  .320 

13.O.5H.410 


;M,070 

73. 122 

3:5:{.(il8 


42;i.  524 
32,684 
2«V),949 

5.129 

26,176 

372 

3,583 

9,  .540 

16,716,646 

JJiXI.OOO 

1,(H.5.846 

20.000 

;)|J3. 424 

20,255 

728.800 
272,250 


37,249.(X)2 


a  Per  1,000  feet. 


MOUTH  OF  NIAGARA  RIVER  (STATION  16.55  TO  STATION  170:}). 


Excavatii'H. 
Eurth cublc«yard8. 


6.'>4,07a 


ill.  15 


$98,111 


SUMMARY. 


Niagara  River. 
Canal  section . . . 
Mouth  of  river. 


Total 


H.  Doc.  149- 


Vt'ith  regu- 
lating 
works. 


*29.484,744 

37,249,002 

98.111 

66, 831. 857 


NVithout 

regulating 

works. 


J30.911,4«l 

37,249.(«e 

98.111 

68. 258, 504 
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Table  No.  5. — Estimate  for  21-foot  channel. 


NIAGARA  RIVER  (FROM  STATION-  38  TO  STATION  829). 


With  regulatiiKj  ii-orks. 

Earth cubic  yards  . 

Rock,  dry do... 

Rock,  wet  (in  Lake  Erie) do... 

Ro(-k,  wet  (ill  Niagara  River)  do... 

Regulating  works 

Lock  No.  1 

Operating  machinery 


Quantity. 


tl,  »<»9. 904 

13,219 

419,850 

2,561,800 


Cost  per 
I     unit.     I 


$(».  15 
1.00 
3.00 
2.00 


Total . 


Without  regulating  works. 

Earth '. cubic  yards. 

Rock,  dry do... 

Rock,  wet  (in  Lake  Erie) do... 

Rock,  wet  (in  Niagara  River) do... 

Lock  No.  1 ;.. 

Operating  machinery 


6,846,1,54 
13. ','19 

718. 1()() 
2, 84;$.  9.50 


Total. 


Sl,021.486 

13.219 

1,2.59.  .5.50 

5, 123, 600 

796,  »£i 

1,13.5.413 

100,000 


9,450,191 


.15 

1.00 
3.00 
2.00 


1,026,923 
13,219 
2,154,;J00 
5,687.900 
1,141,893 

100,000 


Total !    10,124.235 


Quantities  common  to  both  plans. 

Retaining  wall cubic  yards. 

Slojio  wall square  yards 

Backfill cubic  yards. 

Timber  cribs,  pine feet  B.  M. 

Hemlock do... 

Oak do... 

Iron - pounds. 

Stone  fill cubic  yards. 

Bridge number. 

Right  of  way acres. 

Tunnel  waterworks linear  feet. 

Total 


224,148 

23.887 

213,  m) 

756. 860 
2,693.240 

4S,(H)0 
311.;}40 

41,010 

1 

46 
1,000 


4.00 

1.10 

.25 

«30.00 

O23.00 

n50.00 

.(Xi 

.60 


30.00 


896.  .592 
26.276 
53.4.58 
22,706 
61,945 
2,400 
9.:U0 

24.  tiOtl 
l-.'0. 6.5(1 
184.0'I0 

30.0.KI 


1,440,973 


rt  Per  l.OfKt  feet. 

SUMMARY  FOR  NIAGARA  RIVER. 

With  regulating  works: 

Excavation,  etc §9,4.50.191 

Retaining  walls,  etc 1,44(J,973 

Total 10,891,164 

Without  regulating  works: 

Excavation,  etc 10.124,235 

Retaining  walls,  etc 1,440,973 

Total 11,565,208 

CANAL  SECTION  (STATION  829  TO  STATION  1310). 


Excavation. 

Lasalle  to  foot  of  the  first  flight  of  locks  (829  to  1255  +  01): 

Earth cubic  yards.. 

Hardpan do 

Rock do 

Foot  of  first  to  foot  of  second  flight  of  locks  (12.55  +  01  to 
12itt)  +  61): 

Earth cubic  yards.. 

Rock do 

Foot  of  second  flight  of  locks  to  water  21  feet  deep,  in  lower 
river  (1296  +  61  to  1310): 

Earth .cubic  yards.. 

Rock,  dry do 

Rock,  wet do 


Quantity. 

Cost  per 
unit. 

Total. 

.5,670.161 

824,  &50 

16,089.387 

SO.  20 
.30 
.65 

SI. 134,032 

247,395 

10,458,102 

1.934,9.54 
1,181,361 

.20 
.ft5 

386.991 

767,885 

103,478 
107,900 
64,229 

.20 
.65 

L75 

20,696 

70,135 

112,401 
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Table  No.  5. — Estimate  for  21-foot  channel — Continued. 
CANAL  SECTION  (STATION  829  TO  STATION  1310)— Continued. 


Quantity.     C^f^r 


Walls,  locks,  etc. 

Retaining  wall cubic  yards. 

Slope  walls square  yards. 

Back  fill cubic  yards. 

Crib  walls: 

Pine feet  B.  M. 

Hemlock do  .. 

Oak do  .. 

Iron w pounds. 

Stone  fill cubic  yards. 

Locks  2  to  S(,  inclusive 

Operating  machinery ^ 

Bridges number. 

Steam  ferry 

Railroad  changes 

Entrances  of  streams 

Right  of  way 

Village  property acres. 

Farm  property do  ... 


Total. 


40.fi24 

45,540 

373,275 

470, 7in 
4.«06,915 

.59. 724 
4;J]..t8B 

63,306 


$4.00 

1.10 

.25 

a:».fJO 

a  23. 00 

«50.00 

.03 

.60 


Total. 


$162,496 
.VJ,()94 
9:},  069 

14.131 

105.  a59 

2,9M*J 

12,948 

37. 9»4 

11.1.5S.7H.3 

.■>(I<J,()(X) 

979,  :-)ii 

2<»,(K!<( 

3tH,  424 
20,2.55 


8.56  I 
2,055 


728. 8(X) 
272,2.5(J 


27, 720,  .5.59 


a  Per  1,000  feet. 
SUMMARY. 


'        With  Without 

regulating  '  regulating 

works.  works. 

Niagara  River $10,891,164  $ll,:W),208 

Canal  isection 27,720,5.59  27. 720,  .5.59 

Mouth  of  river 0  0 

Total 38,611,723  1  ;»,2H,5.767 


TONAWANDA-OLCOTT  ROUTE. 


LOCATION. 

A.s  bt^t'orc  slaled,  tlic  locntion  of  this  route  is  identical  with  tliat  of 
the  Lasalle-Lewistou  route  from  Lake  Erie  to  station  541,  opposite 
Tonawanda.  At  this  point  it  swings  to  the  right,  passes  just  above 
tile  head  of  Tonawanda  Island,  and  leaves  the  river  near  the  bridge, 
connecting  the  mainland  with  the  island,  and  continues  through  the 
cit}'  of  North  'r<mawauda  and  to  Olcott,  as  shown  on  plates  10  and 
17.  Another  location  was  considered,  leaving  the  river  near  the  foot 
of  the  island,  swinging  to  the  right,  and  joining  the  adopted  location 
in  the  vicinity  of  Sawyers  Creek,  but  this  was  abandoned  for  the  rea- 
son that  it  gives  bad  alignment  and  leaves  the  river  at  nearly  right 
angles  to  the  general  direction  of  the  current.  The  latter  condition 
would  make  it  very  difticult,  if  not  impossible  under  some  comlitions, 
to  manage  ships  when  ptissing  from  the  river  section  to  the  canal  sec- 
tion, and  vice  versa.  The  location  adopted  gives  an  easy  curve  for 
leaving  the  river  and  a  good  alignment  thereafter.  The  cost  of  the 
two  locations  is  about  the  same.  A  ditferent  location  was  also  con- 
sidered from  Sawyei-s  Creek  to  below  the  escarpment  west  (»f  Lock- 
port.     This  would  leave  the  adopted  location   in  the  \  icinity  of  Saw- 
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yers  Creek,  swing  to  the  right  and  cross  the  Erie  Railroad  about  oppo- 
site station  900,  and  continue  south  of  the  railroad  to  about  opposite 
station  1200,  where  it  would  swing  to  the  left  to  the  head  of  the  gulf 
and  thence  by  a  tangent  to  the  main  line  at  station  1375.  This  would 
require  two  extra  railroad  crossings,  but  the  most  serious  objection  is 
the  sharp  curve  necessary  to  reach  the  head  of  the  gulf.  The  align- 
ment is  bad. 

A  preliminary  study  was  made  of  a  location  entering  the  gorge  of 
Eighteen  Mile  Creek  in  the  vicinity  of  the  village  of  Newfane,  and 
continuing  down  the  creek  to  Olcott,  but  the  difficulties  of  construct- 
ing a  channel  on  this  location  were  such  as  to  make  it  more  expen- 
sive than  a  line  entirely  independent  of  the  gorge.  Estimates  in 
detail  were  not,  therefore,  made  on  this  line. 

From  station  1245  to  station  1658  an  alternate  line  is  estimated, 
which  is -shown  on  the  maps  as  "B  line."  The  difference  in  cost  of 
the  two  lines  from  station  1245  to  station  1()58,  common  points  on 
both,  is  $;]98,000  for  the  30-foot  channel  and  $543,800  for  the  21-foot 
channel  in  favor  of  the  "A"  or  adopted  line.  The  alignment  of  the 
adopted  line  is  better  and  it  would  be  much  more  satisfactory  to 
navigate. 

The  material  to  be  excavated  is  similar  to  that  found  on  the  Lasalle- 
Lewiston  route. 

Limestone  rock  appears  above  the  grade  of  the  30-foot  channel 
between  stations  602  and  607,  and  then  dips  below  grade  and  reappears 
at  station  715  and  continues  above  grade  to  station  775,  where  it  dips 
below  grade  and  reappears  at  station  870,  and  then  continues  above 
the  grade  to  station  1345  at  the  second  escarpment.  From  the  foot  of 
lock  No.  5  to  Lake  Ontario  the  rock  is  the  so-called  red  shale.  It  is 
in  flat  layers  from  1  to  3  inches  thick,  though  at  rare  intervals  layers 
of  4  to  6  inches  are  found.  For  a  depth  vaiying  in  different  locali- 
ties from  10  to  30  feet  these  lajers  are  separated  one  from  another  by 
a  thin  layer  of  reddish  mineral  dirt,  and  they  are  broken  into  small 
pieces,  which  gives  it  the  appearance  of  being  soft  shale,  but  in  fact 
each  individual  piece  is  quite  hard.  On  breaking  a  solid  piece  at  riglit 
angles  to  its  bed  it  is  seen  that  the  interior  portion  is  a  dark-gray  color 
and  the  outer  j^ortions  are  of  a  reddish  color.  In  these  respects  it 
differs  from  the  red  shale  found  at  Lewiston. 

DlAMOXD-DRILL   BORINGS. 

To  determine  the  character  of  the  rock  nine  diamond-drill  borings 
were  put  down  on  this  line.  The  location  of  each  is  shown  on  plates 
16  and  17,  and  they  are  described  in  the  report  of  R.  C.  Smith, 
Appendix  No.  19. 

Boring  No.  1  is  located  at  Sawyers  Creek,  250  feet  to  the  left  of 
station  766.  Rock  was  struck  at  elevation  545  and  penetrated  16 
feet  to  elevation  529,  which  is  6  feet  below  the  grade  of  the  channel. 
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The  roek  i^s  a  veiy  hard  li<jht-j^iay  liuu'stoiie,  much  broken  up  and  in 
layers  one-quarter  inch  to  3^  inches  thick. 

Boring  No.  2  is  just  east  of  Pendleton  Center  and  900  feet  to  the 
right  of  station  1010.  Limestone  rock  was  struck  at  elevation  500 
and  was  penetrated  80  feet  to  elevation  477.  The  first  50  feet  was 
hard  Niagara  limestone,  in  thin  layere  near  the  top  and  thicker  layers 
toward  the  bottom,  one  being  22  inches  thick.  The  next  39  feet  was 
a  very  hard  limestone  eonglomerate  of  dark  color. 

Boring  No.  3  is  near  the  gulf  west  of  Lockport  and  1,400  feet  to  the 
right  of  station  1266.     The  stratification  is: 
588  to  582.  Soft  limestone,  full  of  shells. 

582  to  572.  Mixture  of  limestone  and  sandstone  in  haid,  thin  layers. 
572  to  502.  Firm  Niagara  shale. 
502  to  490.  Limestone. 
490  to  405.  Limestone  and  .shale,  with  few  layers  of  gieen  shale  at  the 

bottom. 
465  to  425.  Medina  sandstone  mixed  with  red  and  green  shale. 
425  to  407.  A^ery  hard  Medina  sandstone  mixed  with  luud  red  shale. 
407  to  399.  Hard  Medina  sandstone. 

399  to  388.  Sand  shale  mixed  with  gray  sandstone,  shale  softer. 

By  comparing  this  with  borings  Nos.  3  and  4,  at  Lewiston,  it  will 
be  seen  that  the  stratification  is  nearly  the  same  in  both  cases  and 
that  the  different  materials  were  found  at  about  the  same  elevation. 

Borings  Nos.  4  and  5  were  put  down  through  Niagara  limestone  to 
determine,  in  connection  with  boring  No.  3,  the  elevation  and  dip  of 
the  shale,  but  no  attempt  was  made  to  penetrate  the  shale.  No.  4  is 
located  250  feet  to  the  right  of  station  1238.  The  elevation  of  shale 
is  558.  No.  5  is  750  feet  to  left  of  station  1277.  Elevation  of  shale, 
580.  These  give  a  dip  of  5.0  feet  per  1,000  feet,  nnd  if  the  same  rate 
of  inclination  c«mtinues  to  the  south,  the  shale  would  dip  below  the 
bottom  of  the  channel  near  station  1200. 

Boring  No.  6  is  located  000  feet  to  the  left  of  station  1316,  at  wliich 
station  the  grade  of  canal  is  504  feet  for  21-foot  channel.     Hock  is 
found  at  the  surface. 
523  to  501.   Clinton  limestone.     The    la.st  15   feet   contains  layers  .of 

green  shale. 
501  to  480.  Hard  green,  red,  and  gray  sand.stones,  mixed  with  red  shale 

and  Clinton  shale. 
486  to  432.   Medina  sandstone,  gray  and  red;    liie  last  2o  tVol  pink  in 

color;  all  very  hard. 
432  to  400.  Gray  sandstone  and  shale  mixed. 

400  to  393.  Firm  red  and  green  shales. 
393  to  385.  Soft  red  shale. 

385  to  332.   Firm  red  shale. 

Boring  No.  7  is  located  1,250  feet  to  the  left  of  station  1400.  The 
grade  of  21-foot  channel  is  344  at  this  station.     Soft  red  shale  was 


358  DEEP   WATEEWAYS. 

Struck  at  elevation  353  and  continued  to  310;  from  this  elevation  to 
267  firm  red  shale  was  found. 

Boring  No.  8  is  located  600  feet  to  the  left  of  station  1581.  The 
elevation  of  grade  of  21-foot  channel  is  344.  Soft  red  shale  was 
struck  at  elevation  345,  changing  to  firm  red  shale  at  328  and  con- 
tinuing to  elevation  176. 

l^oring  No.  9  is  located  at  the  shore  line  of  Lake  Ontario  near  Olcott, 
and  150  feet  to  the  left  of  station  1893.     The  grade  at  station  1893 
is  223.5  for  21-foot  channel.     The  stratification  is  as  follows: 
251  to  242.  Sand  and  gravel. 
242  to  223.  Soft  red  shale. 
223  to  206.  Firm  red  shale. 
206  to  182.  Firm  red  shale,  mixed  with  soft  Medina  sandstone. 

It  will  be  seen  from  these  borings  that  all  of  the  rock  to  be  excavated 
above  the  second  escarpment  is  either  linieston<'  or  firm  shale  and 
below  this  point  it  is  either  soft  or  firm  red  shale.  The  general  char- 
acteristics of  these  several  rocks,  except  the  red  shale,  are  the  same 
as  those  for  the  Lasalle-Lewiston  route  and  need  not  be  further  con- 
sidered here  except  to  state  that  tlie  shales  south  of  station  1350  will 
cost  about  as  much  to  excavate  as  the  limestone,  and  from  this  station 
to  Lake  Ontario  the  top  15  feet  will  be  much  easier  to  excavate. 

An  examination  of  tlie  shale  found  along  the  P]rie  C-anal  near  Lock- 
port  shows  it  to  be  a  well-defined  shale,  much  softer  and  more  broken 
than  the  limestone,  but  to  the  southwest  it  gradually  becomes  harder 
and  in  general  appearance  more  like  the  limestone.  At  the  point 
where  it  dips  below  the  grade  of  the  Erie  Canal  it  is  difficult  to  dis- 
tinguish between  the  two  from  external  appearances. 

The  material  overlying  the  bed  rock  is  sand  and  gravel  from  station 
541,  in  the  Niagara  River,  to  station  600.  From  station  600  to  station 
1100,  near  Hodgeville,  the  top  6  to  15  feet  is  a  firm  j-ellow  clay  mixed 
with  varying  quantities  of  sand.  Below  this  is  found  a  soft  red  clay 
varying  in  thickness  from  5  to  20  feet.  From  station  600  to  station  940 
it  is  generally  from  15  to  20  feet,  and  from  station  940  to  station  1100  it 
is  from  5  to  10  feet  thick.  It  is  a  pure  clay,  almost  entirely  free  from 
grit.  Under  this  soft  clay  and  overlying  the  bed  rock  is  a  mixture  of 
red  clay  and  gravel  varying  in  hardness  from  a  good  hard  clay  to 
hard-pan  or  bowlder  clay.  From  station  1100  to  the  gorge  of  Eight- 
een-Mile Creek  it  is  a  drift  composed  of  clay  mixed  with  sand  and 
gravel,  and  may  be  classed  as  a  firm  clay.  In  the  gorge  of  Eighteen- 
Mile  Creek  to  Olcott  it  is  a  very  soft  silt  and  sand. 

GRADES   AND   LOCKS. 

As  already  explained,  the  water  surface  at  the  point  where  the 
channel  leaves  the  Niagara  River  is  taken  at  elevation  565  and  con- 
tinues level  to  lock  No.  2.  The  slope  required  to  carry  the  necessary 
water  for  lockage  and  power  development  is  very  slight.  Lock  No.  2 
has  a  lift  of  40  feet,  so  that  the  elevation  of  the  water  surface  below 
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it  is  oi)/)  and  com  iiiucs  level  lo  ihe  head  ol  tlie  tliglil  ol'  three  double 
locks,  Nos.  o,  4,  and  o,  which  have  a  lift  of  40  feet  each,  makint,'  the 
elevation  of  the  water  surface  below  the  flight  405,  which  continues 
level  to  lock  No.  G,  with  a  lift  of  40  feet,  making  the  level  of  the  water 
surface  below  }K>6  feet,  which  continues  level  to  lock  No.  7,  with  a  lift 
of  30^  feet,  making  the  water  surface  below  .'i.'M.o,  which  continues 
level  to  the  head  of  the  flight  of  three  double  locks,  Nos.  8,  0,  and  10, 
with  a  lift  of  30  feet  each,  making  the  water  surface  below  lock  No.  10 
244,5,  which  is  the  level  of  low  water  in  Lake  Ontario.  The  gra<le  of 
the  21  and  30  foot  channels  is  21  and  30  feet,  respectively,  Ijelow  the 
water  surface.  The  location  and  lift  of  locks  are  the  same  for  both 
channels. 

As  before  stated,  the  lock  chambers  for  the  30-foot  channel  are  740 
by  80  feet  for  single  locks,  but  for  double  locks  one  is  740  by  80  feet, 
and  the  other  740  by  60  feet. 

Regulation  of  water  surface  in  pools  between  locks  Nos.  2  and  S  and  5 
and  6. — Locks  Nos.  2  to  6,  inclusive,  all  have  the  same  lift.  Locks  Nos.  2 
and  G  are  single  locks  80  feet  wide,  while  Nos.  3,  4,  and  5  constitute  a 
double  flight.  The  flight  on  the  right  is  80  feet  wide,  while  that  on  the 
left  is  but  GO  feet  wide.  In  the  consideration  of  the  locks,  it  is  assumed 
that  vessels  will  ordinarily'  use  the  right-hand  flight  of  locks;  that  is, 
down-bound  vessels  will  use  the  80-foot  locks  and  up-bound  vessels 
the  GO-foot  locks.  Vessels  passing,  down  consecutively  will  leave  no 
change  in  the  water  levels  in  the  two  pools  between  the  locks  after 
they  have  passed  out.  Vessels  locking  consecutively  upward  will 
lower  the  level  of  the  lower  pool  and  raise  that  of  the  upper  pool. 
Vessels  alternating  will  raise  the  lower  pool  and  lower  the  uijperone. 
These  contingencies,  as  well  as  any  deficiency  in  the  long  level  between 
locks  Nos.  G  and  7,  have  been  provided  for  by  the  construction  of  open 
channels  around  lock  No.  2  and  also  the  flight,  and  by  nmking  use  of 
the  bed  of  Sherman  Creek,  at  lock  No.  6.  The  channel  at  lock  No.  2 
is  controlled  by  sluice  gates  so  that  the  required  amount  of  water  may 
be  supplied  the  basin  below.  The  channel  connecting  the  upper  and 
lower  pools  is  provided  with  a  small  weir  and  sluice  gate.  The  weir 
serves  to  pass  any  excess  of  water  in  the  upper  pool  and  the  sluice 
gate  to  supply  deficiencies  in  the  lower  pool.  The  lower  pool  is 
enlarged  on  the  left  by  the  construction  of  an  embankment  around 
the  low  ground,  no  excavation  being  required,  and  is  regulated  by  a 
small  weir  discharging  into  the  old  bed  of  Sherman  Creek.  Sherman 
Creek  crosses  the  level  between  locks  Nos.  G  and  7.just  l^elow  lock  No. 
6  by  means  of  a  discharge  weir  over  the  right  side  of  the  canal.  This 
weir  also  serves  to  regulate  the  water  in  this  level. 

POWER. 

Electric  power  for  operating  the  valves,  gates,  pumps,  etc.,  can  l^e 
developed  by  taking  water  from  the  level  above  lock  No.  2  and  lead- 
ing it  through  a  tunnel  and  i)ipes  to  the  power  house,  alM)ut  1,200  feet 
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to  the  right  of  station  1200,  using  tlie  gulf  and  Eight oen-Mile  Creek 
as  a  tail  race.  A  head  of  100  feet  can  be  obtained.  From  tliis  central 
station  the  power  can  be  distributed  to  each  of  the  locks  on  this  route, 
excepting  lock  No.  1,  at  Buffalo,  where  it  would  be  cheaper  to  develop 
power  near  the  site  of  the  lock. 


The  "B"  line  leaves  the  main  line  at  station  1245,  swings  to  the 
right,  and  enters  the  gulf  about  station  1281,  where  a  flight  of  two 
double  locks  Avith  a  lift  of  40  feet  each  is  to  be  Iniilt,  making  the  ele- 
vation of  the  level  below  485. 

It  then  follows  the  gulf  to  station  l.')08  and  swings  to  the  left  to  sta- 
tion 1300,  where  a  flight  of  tliree  double  locks  with  40  feet  lift  each 
is  put  in,  making  the  level  of  the  water  below  305,  whicli  is  carried 
to  station  1030,  where  a  single  lock  of  .30|  feet  lift  is  put  in,  making 
the  level  below  334.5,  the  same  as  below  lock  No.  7  on  the  main  line. 

It  then  joins  the  main  line  at  station  10)58,  and  from  tliis  ]>()int  to 
Lake  Ontario  the  two  lines  are  identical. 

A  masoni-y  dam  70  feet  high  acro.ss  the  gulf  would  be  required  to 
the  right  of  station  1327.  The  west  branch  of  Eighteen-Mile  Creek 
would  be  taken  into  the  channel  at  station  1400  and  pass  out  over  a 
spillway  at  station  1400.  Six  highway  bridges  and  2  miles  of  new 
highwaj'  would  be  necessary. 

Power  for  operating  valves,  gates,  pumps,  etc.,  chii  be  deN  eloped 
bj"  taking  water  fi-om  the  channel  about  station  1335  and  carrying  it 
by  canal  and  pipes  to  the  power  house  in  the  gulf,  which  would  be 
used  as  a  tail  race.  A  net  head  of  110  feet  can  be  had.  However, 
this  Would  require  a  by-pass  about  1,000  feet  long  to  carry  the  water 
to  the  left  of  lock  No.  2  from  tlie  upper  level  to  the  gulf  opposite  sta- 
tion 12!>0.  A  net  head  of  70  feet  could  also  be  utilized  at  this  i)oint,- 
making  a  total  net  head  available  of  180  feet  if  two  separate  plants 
are  installed.  The  power  thus  developed  can  be  distri1>uted  electric- 
ally to  all  of  the  locks  on  the  route  except  No.  1,  at  Butfalo. 

Estimates  are  based  on  the  following  widths  for  both  the  21  and  30 
foot  channels: 

In  Niagara  River,  000  feet  wide. 

From  the  Niagara  River  to  the  gorge  of  Eighteen-Mile  Creek,  at  the 
foot  of  lock  No.  10,  standard  canal  sections.  Foot  of  lock  No.  10  to 
Lake  Ontario,  400  feet  wide.  Froni  the  shore  of  the  lake  to  deep 
water,  600  feet  wide. 

HARBOR. 

The  harbor  at  Olcott  is  shallow,  with  a  shale  rock  bottom,  which 
must  be  excavated  to  the  required  depth  and  a  breakwater  built  to 
protect  it  from  the  waves  of  the  lake.  The  discussion  and  estimate 
of  the  breakwater  are  given  in  Appendix  No.  3.  The  design  of  the 
channel  from  the  foot  of  lock  No.  10  to  the  lake  contemplates  an 
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iiiiu'i'  liarhor -ilH)  LVmM  wide  miuI  aixMil  u  mile  loiiii,  •><»  tlial  it  will  ikjI 
be  necessary  to  make  any  further  excavation  in  the  lake  than  the 
600-foot  channel  until  the  volume  of  traffic  requires  it. 

It  will  be  necessary  to  make  provision  foi-  tnkiiiLT  <-at«'  nt  iIm-  flood 
waters  of  the  streams  on  this  route. 

Tonawanda  Creek  can  enter  the  Niajjfara  River-  as  at  present  with- 
out any  additional  work. 

Sawyers  Creek,  at  station  7G7,  has  a  flood  discharge  of  about  I.l'ihi 
cul)ic  feet  per  second  and  practically  no  flow  durinLr  <lry  weathei-.  The 
bed  of  the  stream  is  at  about  elevation  570,  or  5  feet  above  the  low 
water  in  the  canal.  The  bottom  of  the  canal  at  this  point  is  in  solid 
rock  and  retaining  walls  are  built  on  each  side.  It  is  proposed  to  fill 
the  bed  of  the  creek  on  the  right  to  the  level  or  above  the  top  of  the 
retaining  wall;  on  the  left,  for  a  length  of  200  feet,  the  wall  will  be 
built  to  elevation  555,  giving  a  sectional  area  of  opening  at  low  water 
of  2,000  square  feet,  through  which  tlie  water  can  pass  into  the  canal. 
This  area  will  be  larger  at  high  water.  A  basin  200  feet  wide  and  600 
feet  long  will  be  excavated  to  elevation  552,  in  which  the  sediment 
will  be  deposited  before  entering  the  canal.  At  the  upper  end  of  this 
basin  a  dam  will  be  built  to  the  elevation  of  the  present  bed  of  the 
stream. 

Bull  Creek  is  crossed  at  station  841,  where  the  bottom  of  the  canal 
is  in  earth.  It  can  be  taken  into  the  canal  through  a  basin  100  feet 
wide  and  10  feet  deep  excavated  back  500  feet,  with  a  dam  for  holding 
back  the  earth.  The  bottom  and  sides  of  the  Imsin  to  above  the  high- 
water  line  should  be  paved  near  the  canal. 

The  method  of  taking  care  of  the  flood  waters  of  the  small  creek 
crossed  just  below  Lock  No.  6  has  already  been  described. 

The  next  and  last  stream  is  Eighteen-Mile  Creek,  which  has  practi- 
cally no  discharge  at  low  water  under  normal  conditions,  but  under 
existing  conditions  its  low- water  flow  depends  on  the  amount  of  water 
being  drawn  from  the  Erie  Canal  at  Lockport.  No  measurements 
could  be  obtained  of  its  flood  discharge.  The  back  water  from  Lake 
Ontario  extends  to  the  railroad  bridge,  some  3,0CM)  feet  above  where 
the  canal  enters  the  creek,  and  if  the  dirt  overlying  the  rock  is  exca- 
vated back  for  a  distance  of  1,000  feet  it  will  give  ample  room  for  sedi- 
mentation before  the  waters  enter  the  canal. 

In  the  event  the  canal  should  be  built  on  this  route,  a  iiumWer  of 
changes  of  both  railroads  and  highways  will  be  necessary,  and  biidges 
must  be  built  to  cross  the  canal.  These  changes  and  structures  would 
be  subject  to  agreement  between  the  United  States  and  the  several 
parties  interested,  and  the  final  disposition  might  be  nuitei-ially 
changed  from  any  project  now  submitted.  Tliis  statement  applies 
with  equal  force  to  all  the  routes  considered.  However,  for  the  pur- 
pose of  estiuuiting  the  cost  of  the  work,  the  foUowinu-  j.roject  is 
suggested. 
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A  rearrangenien  of  the  railroads  should  he  made  in  the  vicinity  of 
Tonawanda.  The  yards  of  the  New  York  Central  and  the  Erie  rail- 
roads should  be  moved  entirely  north  of  the  channel,  and  the  align- 
ment of  the  Lockport  branch  of  the  New  York  Central  should  be 
changed  to  leave  the  main  line  about  one-half  mile  north  of  station 
610,  and  then  continue  in  a  straight  line  to  a  junction  with  the  pres- 
ent location  near  Sawyei's  Creek.  The  Lockport  l)ranch  of  the  Erie 
Railroad,  which  has  recently  been  converted  into  an  electric  road, 
should  leave  the  main  tracks  about  1,000  feet  south  of  station  617  and 
folloAv  the  present  line  of  the  New  York  Central  road  to  opposite  sta- 
tion 660,  where  it  would  join  the  existing  line  of  the  Erie.  This 
arrangement  would  locate  the  Lockport  branch  of  the  Erie  road 
entirely  to  the  right  and  that  of  the  New  York  Central  entirely  to  the 
left  of  the  canal. 

Taking  up  the  bridges  and  i-oad  changes  in  regular  order,  beginning 
at  the  Niagara  River,  we  have  the  following: 

1.  Move  bridge  at  station  600  about  1,000  feet  downstream. 

2.  Build  new  highway  bridge  at  station  607. 

3.  Build  new  double-track  bridge  at  station  613  for  the  New  York 
Central  Railroad.  (Bridges  2  and  3  m-Ay  be  combined  into  one,  but 
the  cost  would  he  about  the  same  in  either  case. ) 

4.  Build  single-track  swing  bridge  at  station  619  for  Erie  Railroad. 

5.  Build  combined  highway  and  single-track  electric  railway  bridge 
at  station  625. 

6.  Build  combined  highway  and  double-track  electric  railway  bridge 
at  station  641. 

7.  Build  highway  bridge  at  station  670. 

8.  Build  highway  bridge  at  Sawyers  Creek,  station  765,  and  change 
Shawnee  road  to  the  west  of  New  York  Central  Railroad  so  as  to  reach 
this  bridge. 

9.  Build  highway  bridge  at  station  849  and  change  both  the  Bear 
Ridge  and  Town  Line  roads  to  cross  this  bridge. 

10.  Build  highway  bridge  at  station  1026  and  change  the  Pendleton, 
Sulphur  Springs,  and  Hodgeville  roads  to  cross  this  bridge. 

11.  Build  combined  highway  and  double-track  bridge  for  New  York 
Central  Railroad  at  station  1232,  and  change  both  highway  and  rail- 
road to  cross  at  this  point,  and  build  new  highway  to  left  of  channel 
from  station  1232  to  station  1302. 

12.  Build  highway  bridge  over  Lock  No.  2,  at  station  1302,  and 
change  Gulf  road  on  east  side  to  connect  with  it. 

13.  Build  highway  bridge  at  Lock  No.  6,  station  1394,  and  change 
road  to  cross  it. 

14.  Put  in  ferry  for  highway  crossing  at  station  1454. 

15.  Build  highway  bridge  over  Lock  No.  7  and  change  road  to  cross  it. 

16.  Build  highway  bridge  at  station  1700. 

17.  The  canal  crosses  the  Rome,  Watertown  and  Ogdensburg  Rail- 
road above  the  head  of  Lock  No.  8,  station  1808.     The  elevation  of  the 
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low  vvHter  on  this  level  i.s  334.5  and  the  hij^ii  wat*  r  about  330.  If  the 
top  of  the  center  pier  is  niH<ie  3  feet  above  hi^h  water  and  th(?-top  of  the 
rail  14  feet  abov^e  the  top  of  the  pier,  we  would  have  330-1-3  +  14  ^  353 
for  the  grade  of  the  railroad,  if  crossing  at  this  point.  The  eleva- 
tion of  the  present  grade  of  the  road  is  about  318.  It  would,  there- 
fore, be  iieeessary  to  raise  the  roadlx^d  35  feet  at  the  canal  crossing 
and  extend  the  filling  each  way  soiiu' 4. (too  f«'«»l,aiid  i-elmild  tlM*lni«li;e 
across  Eighteen-Mile  Creek. 

As  an  altei'iiate  plan,  the  aligniuent  of  the  roa<l  can  be  changed  to 
cross  l)elow  lock  No.  10,  station  1840,  with  a  fixed  span  giving  OO  feet 
clear  headway.  Estimates  are  made  on  this  plan  for  a  fixed  bridge 
for  both  railroad  and  highway,  together  with  the  necessary  changes  of 
roads. 

18.  Provision  should  l)e  made  for  a  highway  crossing  at  Olcott, 
either  by  steam  ferry  or  a  drawbridge.  Estimates  are  based  on  the 
latter  plan. 

In  addition  to  the  above  items  tlie  pipe  system  of  the  Tonawanda 
waterworks  should  be  rearranged  and  the  electric  transmission  cable 
running  from  Niagara  Falls  to  Hnffalo  should  be  taken  under  the  canal 
by  tunnel. 

In  case  the  "B"  line  should  l>e  adopted,  siiiiilai*  ciiaages  of  high- 
ways and  railroads  would  be  necessary. 

For  tlie  21-foot  channel  the  location  of  canal,  lift  and  location  of 
locks,  location  and  chai'acter  of  structures,  etc.,  are  the  same  as  for 
the  30-foot  channel. 

Estimates  of  quantities  and  cost  of  all  work,  including  right  of  way, 
are  given  in  the  following  tables: 

Table  No.  6. — Existing  crossings — Tonawamla-Olcott  route. 


Location. 

Present 
grade. 

Remarks. 

Place. 

Station. 

Railwmj. 
International  bridge. 

128 
601 

611-«13 

617 

627 
641 

644 

ne 

1338 

1808 

6(11 

607 
627 
641 

590.0 
576.0 

575. 0 

576.0 

575.0 
579.0 

580.0 
580.0 

610. 8 

318.0 

577.0 

577.0 
575.0 
579.0 

Single-track  railroad. 

Island  street.  Tonawanda.    Single-traok  railroad  and 

Do 

Do  .              .... 

highway  bridge.     Draw  span,  2  openings,  t*o  feet  in 

clear  each. 
New  York  Central  and  Hnd-ou  River  R.  R..  Buffalo 

and  Niagara  Falls  Branch.  9  tracks— 2  main  tracks 

and  7  sidings. 
Erie    R.   R.,   Biiffalo   and    Niagara    Falls    Branch.  7 

Do 

tracks— 1  main  track  and  6  sidings. 
Single-track  electric  railway. 

Do    

Buftalo  and  Niagara  Falls  doub'.e-track  electri<'  rail- 

Do  

road. 
Erie  R.  R.,Lock|«>rt  Branch. single  track. 

Do 

New  York  Central  and  Hudson  River  R.  R.    Single 

Do         

track,  Locki)ort  Branch. 
New  Y'ork  Central  and  Hud.son  River  R.  R.    Double 

Newfane  .station 

Higlncny, 
North  Tonawanda    . 
Do 

track.  Lockport  and  Niagara  Falls  Branch. 
Rome.  Watertown    and    Ogdensburg    R.   R.    single 
track. 

Swing  bridge  across  branch  Ml  >;»ig!tr;i  Hivcrrarry- 

ingsingletrajk  siding. 
Main  street.     Important. 

Do      

Vandervort  street,  single-track  ele<^tric  rr.ilroad. 
Pavnes  avenue,  double  track  electric  railroad.    Be- 

Do  

sides  these  streets.  Shenk  street  at  till*.  Oliver  street 
at  62:1.  Robinson  street  at  tkU.Keil  street  at  tXJO.  Mil- 
ler street  at  64«,are  crossed  in  North  Tonawanda. 
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Table  No.  6 — Existing  crossings — Tonawanda-Olcott  route — Continued. 


Location. 

Present 

Remarks. 

Place. 

Station. 

grade. 

Highway— Contmuedi. 

Nortli  Tonawanda  . . . 

668 

575.0 

Nash  road.    Important. 

689 

575.0 

Martinsville  road.    Unimportant. 

764 

East  avenue      Unimportant. 

766 

.578.0 

Creek  road.    Important. 

Shawnee  road.    Not  very  much  used. 

7a5 

576.0 

833 

579.0 

Town  line  road.    Not  verj'  much  u.sed. 

8t)9 

578.0 

County  road.     Unimportant. 

906 

59(J.  0 

Cross  road.    Considerably  used. 

1018 

590.0 

Pendleton  road.    Important. 

Sulphur  .Springs  road.    Considerably  used. 

Hodgeville  road.     Not  much  used. 

ltt{5 

591.0 

109:5 

589.0 

1149 

596. 0 

Buttermilk  lane.    Not  much  used. 

1181 

608. 0 

Hinman  road.     Important. 

12:36 

610.0 

Lockport  road.    Important. 

1276 

615.0 

Pekin  rfwd.    Considerably  used. 

1293 

573.0 

Cra^isey  road.     Not  imi>ortant. 

1310 

SJO.O 

Gulf  road.    Not  impcirtaut. 

ia57 

425.0 

Eldridge  road.    Not  important. 

1:J89 

:}9(J.O 

Stone  road.    Important. 

14.54 

370. 0 

Turnpike  road.    Not  very  much  used. 

1.5*5 

3ti0. 0 

Swam))  road.    Unimportant. 

1579 

:i-8. 0 

Bennett  road.    Unimportant. 

1661 

:346. 0 

Unimportant. 

1700 

345. 0 

Ide  road.     Considerable  travel. 

1782 

325. 0 

Not  very  much  used. 

1825 

;}18. 0 

West  Creek  road.    Not  very  much  used. 

1887 

253.0 

Lake  road.    Fixed  span  bridge  across  Eighteen 
Creek. 

-mile 

Table  No.  7. — Location,  cost,etc.,  of  proposed  bridges — Tonawanda-Olcott  route. 


Location. 


International 

bridge. 
North    Tona- 
wanda. 

Do 

Do 

Do 

Do 


Sta- 
tion. 


Kind  of  bridge. 


It:. 


Do  

Sawyer 
Creek. 

Do 

Do 

Do 

Do 


128     Railway  . 
607  !  Highway 


613     Railway 

619  I do   

625     Highway  

641  Highway  and 
electric  rail- 
way. 

Highway 

....do.; 


670 
765 


Do. 
Do. 
Do. 
Do. 
Do. 


1302 
1394 
1614 

1700 
1840 


Olcott 1888 


Tonawanda... 
Sawyers 
Creek. 


Total. 


849    do 

1026    do 

1181    do 

1232     Railway   aud 
highway. 

Highway 

....do 

....do 

...do 

Railway    and 
highway. 

Highway  

Bridges  not  over  canal. 
607     Highway  .. . 
763    do 


Swing  or 
fixed. 


Swing. 
...do.. 


....do. 
...do. 
....do. 
....do. 


.do. 
.do. 


Num- 
ber of 
sftans. 


Thirty-foot 
channel. 


Total 
length. 


.  .do.. 
...do.. 
...do.. 
...do.. 


....do.. 
...do.. 
....do.. 
....do.. 
Fixed  . 


Swing. 


...do. 
Fixed 


Feet. 
5371 


545 


550 
537  i 
545 
550 


.545 
545 

545 
567 

600 

738 

235 
235 

235 
567 

558 

858 

457i 
80 


Estimat- 
ed cost 


$146,686 

100,246 

231,063 
143,016 
105,430 
158,466 


105,430 
73,700 

105,430 
67,  .574 
74,392 

309,774 

19,988 
19,986 
19,986 
67,574 
156,996 

109,638 

33,091 
3,726 


Twenty-one-foot 
channel. 


Total 
length. 


Feet. 
5174 

525 

530 
5Li 
525 
5:30 


525 
525 


,052,190 


525 
547 


195 
195 
195 
547 

558 

858 


$129,650 

92,226 

203,427 
127,412 
89,604 
139,938 


89,604 
88,664 

94,547 

63,446 

69,806 

a  294,069 

16,ft50 
16.650 
16,650 
63,446 
6156,996 

c 109, 638 

33,091 
3,726 


1,899,240 


a  Double  deck,  draw  span,  two  f)3-foot  girders.  b  Width  C.  to  C.  trus.ses,  40  feet. 

c  Two  draw  spans. 

Feet  clear  opening. 

Note.— Highway  bridges 22 

Single-track  bridges 14 

Double-track  bridges 26 

Double-track  double-deck  bridges 29 


DEEP    WATERWAYS. 


3()5 


Table  N(i.  8. — Tonawanda-Olcott  route. 
LOCKS. 


Location. 


Place. 


Buffalo 

Lockport 

Lookport  flight . 

Do 

Do 


Station. 


Leniith 
of  level 
above. 


Kind. 


Num- 
ber. 


Lift. 


Elevation 

standard  low 

water. 


Single  or 
double. 


Olcott  flight. 
Do. 


88+97 
1299+97 
l;J38+97 


l;J5;j+77 
l;«4+97 
1614+97 
1816+46 


Do 1831+26 


22.9 

.7 


.8 
4.2 
3.8 


1 

8.(1 

2 

4().0 

3 

4f).0 

4 

40.0 

5 

40.0 

6 

40.0 

7 

30.5 

8 

30.0 

9 

30.0 

0 

30.0 

Double. 
Single  . 
Double. 
...do.. 

do   . 

Single.. 

do.. 

Double. 

do.. 

.....do.. 


Individual  or   Above 
in  flight.      i  lock. 


Individual . . . '  574. 3 

do I  565.0 

Flight !  .525.0 

do 485.0 

..  .  do   j  44.5.0 

Individual... I  4a5.0 
do 36.5.0 

Flight :m.o 

do.-  .....I  304.5 

do 374.5 


Below 
lock. 


.566.3 
.52.5.0 
485. 0 
445. 0 
405.0 
3(M.O 
334.5 
:104. 5 
;^4.5 
344.5 


COST. ./ 

Lo(tation. 

Station. 

Thirty-toot 
channel. 

Tweuty-oue- 
foot  channel. 

Operating 
machinery. 

Buffalo 

6Sl,720.a58 
1.4.>{,6ti6 
6.  -.iiX.  460 
1,:W8.916 
1,204,064 
.5,448,315 

fe.^l,ia5,413 
910,420 

4,218,816 
874, 665 
7.58,593 

.3,672,6.94 

$100,  (XW 

Lockport 

1299+97 
i;fiW+97 

i.m+97 

1614+97 
1816+46 

Lockport  flight ._-   . 

Olcott  flight 

6()6,6oo 

Total 

17,  .553. 779 
700,000 

11,600,601 
700,000 

700,000 

Operating  machinerv     _   _     

Total 

18,253,779 

12,300,601 

'(The  cost  is  that  of  the  structure  complete,  except  the  excavation. 
h  For  standard  low  water  Lake  Erie  regulated. 

Table  No.  9 — Estiviate  for  SO-foot  channel — Tonawando-Olcott  route. 

NIAGARA  RIVER  (FROM  STATION -85  TO  STATION  601). 


With  regulating  tvorks. 

Earth cubic  yards. 

Rock,  dry do... 

Rock,  wet  (in  Lake  Erie) do... 

Rock,  wet  (in  Niagara  River) do... 

Regulating  works 

Lock  No.  1 

Operating  machinery 


Total . 


Without  regulating  loorka. 

Earth cubic  yards. 

Rock, dry - do... 

Rock,  wet  (Lake  Erie) do... 

Rock,  wet  (Niagara  River) do... 

Lock  No.  1 

Operating  machinery 


Total. 


Quantity,    i^*^*?®*'       Total. 


11,06.5.771 

90.(tl4 

1.687,6.50 

2,673,100 


SW.  15 
1.00 
3. 00 
2.00 


11,101,971 

90,014 

2,237  900 

2! 968!  600 


Quantities  common  to  both. 

Retaining  wall cubic  yards. 

Slope  wall s(iuare  yards. 

Back  All cubic  yards. 

Timber  cribs: 

Pine feet  B.  M. 

Hemlock do... 

Oak do  .. 

Iron pounds. 

Stone  till cubic  yards. 

Bridge number. 

Right  of  way acres 

Tunnel  waterworks -linear  feet. 


.15 
1.00 
3.00 
2.00 


sl.ti.-)9.S66 

!Ht.0l4 

.5.0)2.9.50 

5.34ti.2iKJ 

7<t*i.  92^$ 

1,720.:«8 

lai.lXIO 


14.776.311 


Total . 


224,148 
22.957 
22:5, 702 

7.56.  m) 
4,012.480 

48.  OW 

4:i(),;)3o 

.58,860 

1 

46 

1.000 


4.00 
1.10 


(i30.(N1 
«2.i.OO 
itTiO.OO 

.o:j 

.««! 

4.600.00 
a).  00 


1.665,296 
9.1,014 
6.  tts:5. 700 
5,937.2«k) 
1,726.8:18 
100,000 


16,203,048 


896.  .592 

.55,926 

2.'.  706 
92  2H7 
2. 41KI 
i:}.090 
:i5.  :n6 
I4t).iu<6 
1,><4.IMI 

;jo  OK) 

l.S«M.2i6 


a  Per  1,000  feet. 
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Table  No.  9. — Estimate  for  30-foot  channel — Tonawanda-Olcott  route — Cont'd. 

TOTAL  COST  NIAGARA  RIVER  (STATION  -85  TO  STATION  601). 

With  regulating  works: 

Excavation,  etc  .  $14,776,311 

Retaining  wall,  etc l,50-t,:i56 

Total -- - - 16,280,567 


Without  regulating  works: 

Excavation,  etc 

Retaining  walls,  etc 


Total 


16,20;i.(48 
l,5(>l,2.5ti 


17,707,304 


CANAL  (STATION  601  TO  STATION  1893+50). 


Kxravation. 

In  North  Tonawanda  (stations  601  to  667:) 

Earth cubic  yards.. 

Rofk do  — 

North  Tonawanda  to  foot  lock  No.  5  (stations  667  to  1358+.51): 

Earth cubic  yards.. 

Hardpan do 

Rock,  dry do 

Foot  lock  No.  5  to  shore  line  Lake  Ontario  (stations  1538+31  to 
189;! +50): 

Earth cubic  yards.. 

Hardpan do — 

Rock,  dry do  — 

Rock,  wet do 

Walls,  locks,  etc. : 

Retaining  wall do 

Slope  wall , square  yards.. 

Back  fill cubic  yards.. 

Embankments do  — 

Crib  walls: 

Pine feet  B.  M.. 

Hemlock do — 

Oak do.... 

Iron pounds.. 

Stone  fill cubic  yards.. 

Locks  2  to  10,  inclusive numter.. 

Operating  machinery 

Bridges number.. 

Railroad  changes 

Diversion  of  streams 

Steam  ferry number.. 

By-passes 

Right  of  way: 

Village  property acres. 

Farui  property do 


Total 


Quantity.     ^^*:V^''       Total. 


2.982,425 
32.500 

17,173,906 
4,08.5,995 
17,940,657 


923,400 

10.709,370 

1,096,550 

a-)8, 784 
162. 499 
192, 1.54 
87.461 
1,348,402 
632,350 

3,890,880 

19.423,350 

199, 68f) 

1,951.870 

303,768 


unit. 


190 
6,249 


80.20 
.70 

.18 
.30 
.65 


.18 

.30 

.60 

1.75 

4.50 
4.00 
1. 10 
1.45 
.25 
.15 

a  30. 00 

O23.00 

a  50.  (XJ 

.03 

.30 


a  Per  1,000  feet. 
LAKE  ONTARIO  (STATION  189:5+50  TO  STATION  1919). 


8596, 485 
22,  7.50 

3,091,303 

1,225,799 

11,661,427 


1, 4:57, 905 

277,020 

6, 425, 623 

1.918,963 

1.614.528 
649,996 
211,369 

126.818 

;«7. 101 

94,853 

116. 726 

446,737 

9.984 

,58,  .5.56 

9i.i;» 

15, 8;«.  421 
600,  (JOO 
I,9a5,.5ft4 
199, 640 
68,943 
20,000 
39,585 

1,246,960 

823,875 


51,153,000 


Earth 

Rock 

Kxt-avation. 

cubic  yards. - 

do 

8, 475 
431,400 

80.15 
1.75 

$1,271 
754,950 

.584,705 

Total 

1,340,926 

SUMMARY. 


With  regu- 
lating 
works. 

Without 

regulating 

works. 

$16,280,-567 

51,153,000 

1,340,926 

$17,707,304 

51,153,000 

Lake  Ontario          ..          .               

1,340.926 

Total  cost  of  route      .              .                   

68,774,493 

70,201,230 
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Table  No.  \0.— Estimate  for  21-foot  channel— Tonnxmnda-Olcott  route. 
NIAGARA  RIVER  (FROM  STATION  -38  TO  STATION  «01). 


Quantity. 


With  regulating  works. 

Earth cubic  yards. 

Rock,  dry do... 

Rock,  wet  (in  Lake  Erie) do... 

Rock,  wet  (in  Niagara  River) do... 

Regulating  works 

Lock  No.  1 

Operating  machinery 


Cost  per 
unit. 


Total. 


Without  regulating  works. 

Earth cubic  yards. 

Rock,  dry do... 

Rock,  wet  (Lake  Erie) do... 

Rock,  Wit  (Niagara  River) do... 

Lock  No.  1 

Operating  machinery 


5,110,1M 

13,219 

41»,850 

«41.1(J0 


Total. 


Quantities  common  to  both  plans. 

Retaining  wall cubic  yards. 

Slope  wall square  yards. 

Back  fill cubic  yards. 

Timber  crib  work: 

Pine feetB.  M. 

Hemlock do... 

Oak do... 

Iron pounds. 

Stone  fill cubic  yards. 

Bridge number. 

Right  of  way acres. 

Tuunel  waterworks ..linear  feet. 


->.  14«.  a54 

13,219 

718, 100 

923,250 


)0.15 
1.00 
3.(K) 
2.00 


.15 
1.00 
3.00 
2.00 


Total. 


224.148 

2;5,8«r 

213.  KJO 

7.56,  m) 

,  mi.  24!) 

48.  (KK) 

311.  ;uo 

41.010 

1 

4« 
1,000 


4.00 

1.10 

.25 

a  m.  00 
n  -Si.  00 
a  50.00 

.60 


4,000.00 
30.00 


o  Per  1,C00  feet. 


Totat 


$766,516 

13,219 

1,259,  .550 

1,282.200 

79t). !«! 

l,W-).4i:j 

lOd.lMHI 


5.a53,821 


6,(r27,865 


896, 592 
26,276 
rii.  4.58 

22,706 
61.945 
2.4(K) 

9.;«o 

24.  tKI6 
121i.tr»(l 

ISI.IKK) 

:ii)  IKO 


1,440,973 


TOTAL  COST  NIAGARA  RIVER  (STATION  ~:is  TO  STATION  tun, 

With  regulating  works: 

Excavation,  etc 5.j.  .kVi.  .-^lil 

Retaining  walls,  etc _ 1,440,973 

Total 6,794,794 

Without  regulating  works: 

Excavation,  etc 6,027,865 

Retaining  walls,  etc 1,440,973 

Total 7.468,838 

CANAL  (STATION  601  TO  STATION  1893+.50). 


Total. 


Excavation. 

In  North  Tonawanda  (stations  601  to  667): 

Earth cubic  yards.. 

North  Tonawanda  to  foot  of  lock  No.  5  (stations  667  to  13.55  +01 ) : 

Earth  cubic  yards.. 

Hardpan do 

Rock ..  do 

Foot  lock  No.  5  to  shore  Lake  Ontario  (stations  1355+01  to 
1893 +.50): 

Earth cubic  yards.. 

Hardpan do  — 

Rock,  dry do — 

Rock,  wet lio.   .. 

Walls,  locks,  etc. : 


Retaining  wall cu  bic  yards 

Slope  wall square  yards. 

Back  fill cubic  yards. 

Embankment do... 


I 


2,;{2i.;i.-)0 

I 

$0.20  : 

S4<>4,270 

14,907.(«ll 

.18  1 

2,68:j.;«vs 

3.  (►44,977 

.:«! 

913. 4!« 

12,916,911.. 

;'.'."i,!W!) 

6,9(e..V»8 

.18  . 

l,242.4«a 

6.5;}.4;->0 

.30 

196.  ((!.-> 

6.195.112 

.60 

3.717.111)7 

(^8.400 

1.75 

1,009.700 

300.  .505 

4.50 

1,352.273 

48.1tt8 

4.U)   ; 

192.673 

87,000 

1.45  , 

128.130 

228.685 

1.10  1 

251,. 5.54 

909.071 

.25 

227.268 

.57tt.900 

.15 

8.5.  «15 
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Table  No.  10. — Estimate  for  21-foot  channel — Tonawanda-Olcott  route — Cont'd. 

CANAL  (STATION  601  TO  STATION  1893+50)— Continued. 


Excavutiini — Continued. 

Timber  crib: 

Pine feet  B.M.- 

Hemlock do  — 

Oak do  ... 

Iron pounds.. 

Stone  fill ..  cubic  yards.. 

Lo(^ks  Nos. «  to  II),  inclusive 

Operating  machinery.. 

Bridges number.. 

Railroad  changes 

Diversion  of  streams 

Steam  ferry number.  . 

By-passes 

Right  of  way: 

Village  jiroperty acres.. 

Farm  property do 


Total. 


Quantity. 


4,SJ0,98O 
li,6Sl,530 

21«,  IfiO 
l,5t>;i,154 

2;J9,450 


190 
6,249 


Cost  per 
unit. 


aSSO.OO 

(I  23. 00 

a  50. 00 

.03 

.60 


Total. 


§129,929 
33r,  721 

10.  we 

46, 895 

14;i.  670 

10,46.5,188 

WA'JOO 

1.769.590 

199.640 

(i8.943 

20,(K)0 

39,  .585 

1,246,960 

823,875 


36,850,840 


<i  Per  1,000  feet. 
LAKE  ONTARIO  (STA.  1893  +  50  TO  1915). 


Earth     

Excavation. 

cubic  yards.. 

8.  .5.50 
101,7.50 

SO  15 
1.75 

SI, 283 

Rock 

do 

178,063 

296,  SM 

Total 



475,680 

SUMMARY. 


Niagara  River 

Canal  section 

Lake  Ontario 

Total  cost  of  rotate 


With  reg- 
ulating 
works. 


86,794.794  j        37,468,8:38 
36,850,840  ;W,85f),840 

475,680 


475.680 
44,121,314 


44,795,358 


WATERWAY  FROM  LAKE  CHAMPLAIN  TO  THE  HUDSON  RIVER  AT 
TROY,  DESIGNATED  AS  THE  HUDSON  RIVER  DIVISION  OF  THE 
CH.4MPLAIN  ROUTE. 

After  the  surveys  were  completed,  and  while  the  borings  were  being 
finished  on  the  Niagara  routes,  the  survey  party  was  engaged  in 
measuring  the  flood  discharge  of  the  Upper  Mohawk  River  and  other 
streams,  which  will  be  reported  upon  in  detail  in  Part  III. 

After  the  flood  measurements  were  completed  the  party  proceeded 
to  Troy,  N.  Y.,  on  Axjril  15,  1898.  The  borings  were  com[)leted  on 
the  Niagara  routes  April  20,  and  the  boring  parties  arrived  at  Troy 
on  the  22d.  Both  the  survey  and  boring  parties  immediately  began 
work  on  the  Hudson  River  division  of  the  Champlain  route. 

This  division  begins  at  deep  water  in  Lake  Champlain  ojjposite 
Port  Henry  and  follows  southerly  up  the  lake  to  Whitehall,  where  it 
cuts  across  country  southwesterly  to  the  Hudson  River  near  Fort 
Edward,  following  generally  the  valleys  of  Wood  Creek  and  Bond 
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Ci-eek.  From  Fort  Edward  to  the  State  dam  at  IVoy,  which  is  the 
southern  end  of  this  division,  the  channel  follows  generally  the  bed 
of  tho  Hudson  Rivci-. 

liclow  tlio  Trov  dan»  and  to  deep  water  at  Germantown  the  sniveys 
and  borings  were  made  by  li.  F.  Dose,  assistant  <'ngin<;er,  and  are 
designated  as  the  Hudson  River  survey. 

Lake  Clianii)lain  nuuks  tlie  path  of  ancient  glaciers  which  passed 
from  tho  valley  of  tlio  St.  Lawrence  to  the  valley  of  the  Hudson.  The 
foothills  of  the  Adirondack  Mountains,  broken  and  steep,  foi-ni  its 
west  shore,  and  the  broken  and  rocky  foothills  of  Green  Mountains 
form  its  east  shore,  making  the  lake  a  deep,  narrow  trough  cut 
through  these  mountains.  .  The  valley  of  Wood  Creek  and  Bond 
Creek  marks  the  old  glacial  path  from  Lake  Champlain  at  Whitehall 
to  the  Hudson  River  at  Fort  Edward.  It  varies  in  width  from  a  few 
hundred  feet  to  1  mile  and  has  broken,  rocky  banks  on  each  side. 
F'rom  Fort  Edward  to  Troy  the  valley  of  the  Ilndson  River  is  generally 
from  one-quarter  mile  to  1  mile  wide,  with  high,  broken  banks  on  the 
east  and  west,  while  the  bed  of  the  river  is  from  400  to  1,200  feet 
wide.  The  location  follows  the  lowest  ground  from  Lake  Champlain 
to  Troy  and  is  generally  parallel  to  the  Champlain  Canal,  the  several 
sections  of  which  were  opened  from  1819  to  1823. 

SURVEYS. 

The  surveys  and  examinations  on  this  route  were  made  in  accord- 
ance with  the  instructions  of  your  honorable  Board  to  the  assistant 
engineers.  Appendix  No.  9,  and  differed  from  the  surveys  of  the 
Niagara  route  only  in  that  soundings  and  borings  were  made  in  the 
river  and  lake  and  the  notes  were  plotted  in  the  field  office  as  the 
work  progressed. 

In  1897  D.  J.  Howell,  assistant  engineer,  began  the  surveys  of  the 
Mohawk  River  and,  in  connection  with  them,  measured  a  base  line  up 
the  Hudson  River  from  the  Troy  dam  to  the  Waterford  bridge,  and 
also  made  a  shore-line  survej'  of  the  river  and  established  l)ench  mark 
No.  7  at  Waterford,  elevation  30,62,  which  was  used  as  the  starting 
point  foi-  the  levels  on  this  line.  The  base  line  was  started  from  sta- 
tion 246  +  77.46  of  Mr.  Howell's  Hudson  River  base. 

Between  the  Troy  dam  and  Waterford  the  surveys  consisted  of 
soundings  an<l  boiings  in  the  river.  All  the  topography  on  the  left 
l)ank  and  about  half  of  it  on  the  right  bank,  also  the  base  line  and 
levels,  were  done  by  Mr.  Howell.  The  levels  between  Mr.  Howell's 
bench  mark  No.  1  and  the  Greenbush  bench  mark  were  run  by  II.  F. 
Dose,  assistant  engineer.  All  elevations  are  referred  to  the  Green- 
bush  bench  mark,  elevation  14.73  above  mean  tide  at  New  York, 

The  survey  was  begun  at  Troy  the  latter  part  of  April,  1898,  and 
completed  to  Port  Henry  in  January,  1899,  and  covered  a  length, 
H.  Doc.  149 24 
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measured  rtiong  the  center  line  of  the  located  canal,  of  97,5  miles, 
divided  as  follows: 

Miles. 

Hudson  River  from  Troy  to  Fort  Edward 38. 1 

Fort  Edward  to  Whitehall . 23.4 

Lake  Chainplain  from  Whitehall  to  Port  Henry 36.0 

Total 1 97.5 

The  nature  and  extent  of  the  work  required  a  larger  force  than  had 
been  employed  on  the  Niagara  routes.  It  was  increased  to  meet  the 
demands  and  the  following  organization  effected: 

1.  A  base-line  party,  composed  of  six  men,  which  ran  the  base  line 
and  the  duplicate  line  of  levels  and  computed  the  cooi-dinates  of  each 
transit  station,  after  first  adjusting  the  line  between  azimuth  points. 
A  copy  of  the  coordinates  and  bench  marks,  together  with  sketches 
showing  their  location,  was  turned  into  the  field  office  for  distribu- 
tion to  the  various  stadia  parties  according  to  their  location.  Wlien 
the  base-line  party  got  further  ahead  of  the  other  work  than  was 
desired,  it  would  take  up  stadia  work.  The  levels  were  run  with 
Buff  &  Berger  wye  levels  and  New  York  rods. 

2.  Two  stadia  parties,  composed  of  six  men  each,  who  made  the  sur- 
veys, computed  the  cooi*dinates  of  all  stadia  stations,  reduced  the 
elevations  of  all  stadia  shots,  and  plotted  on  a  protractor  sheet  enough 
of  the  runs  of  each  day  to  ascertain  if  the  circuits  closed  within  the 
required  limits.  Each  party  was  given  a  portion  of  the  line  varying, 
according  to  the  conditions  of  work,  from  2  to  6  miles  long,  and 
were  furnished  with  a  copy  of  the  base-line  notes  and  the  elevations 
of  all  bench  marks. 

3.  A  sounding  party,  composed  of  six  men,  who  made  soundings  in 
the  Hudson  River  from  Troj'  to  Fort  Edward.  The  sounding  ranges 
were  put  in  about  300  feet  apart,  and  soundings  were  taken  25  feet 
apart  on  these  ranges.  A  copy  of  the  base-line  notes  and  locations 
and  elevations  of  bench  marks  were  furnished  to  this  party,  who  staked 
out  all  ranges  and  determined  the  elevation  of  the  water  surface  at 
each  range  and  reduced  the  soundings  to  elevations.  After  complet- 
ing the  soundings  to  Fort  Edward  it  took  up  stadia  work,  thus 
giving  three  stadia  parties  in  addition  to  the  assistance  from  tlie  base- 
line party. 

4.  An  office  force  for  plotting  and  inking  the  topographic  maps, 
varying  from  three  to  fifteen  draftsmen  and  assistants,  according  to 
the  conditions  of  the  work.  The  maps  are  of  the  standard  size,  28 
inches  by  40.5  inches,  and  are  plotted  to  a  scale  of  one  in  five  thou- 
sand throughout  the  entire  length  of  the  line.  These  were  matched 
for  the  purpose  of  locating  the  canal.  In  addition  to  these,  maps 
were  plotted  on  a  larger  scale  for  localities  where  the  surface  was  ver»* 
irregular. 

Briefly,  the  method  of  mapping  was  to  arrange  the  direction  of  the 
sheets  so  as  to  take  in  the  greatest  possible  length  of  the  line.     Co- 
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ordinate  lines  2,000  feet  apart  were  tlien  i)lotte<l,  and  the  l)ase-line 
stations  and  stadia  stations  were  plotted  by  latitudes  and  departures. 
The  stadia  shots  were  plotted  by  azimuth  and  distance — one  man 
called  otT  htkI  another  plotted.  The  plotting  was  ch<'cked  by  the  men 
reversing  positions  and  repeating  the  operation.  P^ach  .sheet  was 
entirely  completed  by  one  draftsman.  Two-foot  contours  are  devel- 
oped on  each  map. 

5.  A  superintendent  of  borings  lia<l  immediate  charge  of  all  Ijor- 
ings.  From  Troy  to  Fort  Edward  one  party,  consisting  of  a  foreman, 
three  laborers,  and  a  teamster  with  team,  made  the  borings  on  land, 
and  one  party,  consisting  of  a  foreman  and  three  laborers,  made  the 
borings  in  the  river.  After  reaching  Fort  Edward  the  river  partj-  was 
changed  to  a  land  party,  thus  giving  two  land  i)arties  for  the  work 
between  Fort  Edward  and  Whitehall.  For  the  land  work  the  same 
plant  was  used  as  on  the  Niagara  routes,  and  that  for  the  river  work 
onh-  varied  in  having  a  catamaran  from  which  to  put  down  the  holes. 
It  was  better  adapted  to  the  work  than  a  scow,  in  that  it  could  be 
taken  apart  and  carried  around  the  several  dams  in  the  river. 

The  survej's  from  Troy  to  Whitehall  wei'e  made  wide  enough  to 
cover  any  probable  location  of  the  canal.  From  Whitehall  to  Port 
Henry  the  base  line  and  levels  were  run  along  the  west  shore  of  Lake 
Champlain  and  terminated  on  the  "North  base"  of  the  Crown  Point 
base  line  of  the  (Joast  Survey  triangulation  system  1872,  lat.  44^  01' 
25.58";  long.  73°  25'  49.55". 

The  stadia  survey  extended  from  the  shore  of  the  lake  to  high 
ground,  which  was  generally  only  a  few  hundred  feet,  and  up  the 
several  streams  to  above  elevation  100. 

The  surveys  for  this  part  of  the  work  were  completed  October  21, 
1898,  and  the  borings  to  Whitehall  October  17,  1898. 

From  Whitehall  to  Port  Henry,  a  distance  of  36  miles,  the  channel 
is  located  in  Ijake  Champlain,  which  varies  in  width  from  a  few 
hundred  feet  to  over  6,000  feet.  To  make  and  locate  soundings  and 
borings  in  open  water  would  require  a  large  force  and  be  very  expen- 
sive, so  it  was  decided  to  wait  until  the  lake  froze  over  and  do  this 
work  on  the  ice,  which  was  begun  December  14,  1898,  and  completed 
.lanuary  21,  1899.  The  center  line  of  the  proposed  location  was  run 
w  ith  transit,  and  soundings  were  made  to  the  banks  in  the  narrow 
parts  and  400  feet  right  and  left  in  the  wide  parts  of  the  lake.  In  the 
open  lake  the  sounding  ranges  were  200  feet  apart,  and  the  soundings 
were  spaced  50  feet  apart  on  these  ranges.  Uetween  Whitehall  and 
Putnam  station  the  ranges  were  100  feet  apart  and  the  soundings 
every  25  feet  on  these  ranges. 

BORINGS. 

On  account  of  cold  weather  the  machines  used  for  making  the 
borings  could  not  be  operated  without  protection  for  the  pumps  and 
water  swivels.      This  was  afforded   by  building  a  small  shanty  on 
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runners  and  moving  it  from  hole  to  hole  with  a  team.  It  was  pro- 
vided with  a  stove  and  trapdoors  in  the  floor  and  roof,  througli  which 
the  drill  rods  could  be  passed.  The  men  worked  inside.  Each  of  the 
three  boring  parties  was  provided  with  one  of  these  shanties,  and 
they  were  admirably  adapted  to  the  work  for  which  they  were  used. 
There  was  no  difficulty  in  working  when  the  temperature  was  30° 
below  zero,  while  in  the  open  air  the  pumps  would  freeze  up  when  it 
was  colder  than  20°  above  zero. 

RESULTS   OF  STADIA   WORK. 

Taking  the  base  line  as  standard  and  correct,  and  comparing  the 
stadia  surveys  with  it,  the  following  results  were  obtained: 

Total  number  of  stadia  circuits  run 290 

Tot;il  length,  in  feet    .-     2,038,376 

Mean  length  of  circuits,  in  feet  .    .- 7,944 

Mean  error  in  latitude  per  circuit,  in  feet 3.  73 

Mean  error  in  departure  per  circuit,  in  feet 2.79 

Mean  error  of  closure  per  circuit lin  1,373 

Mean  error  of  elevation  per  circuit,  foot... 0. 167 

COST   OF   WORK. 

For  the  purpose  of  considering  the  cost  of  the  work  the  line  is 
divided  into  two  parts,  one  taking  in  Lake  Champlain  and  the  other 
that  part  of  the  line  between  Whitehall  and  Troy. 

The  cost  of  the  survey  includes  all  labor,  instruments,  supplies,  etc., 
connected  with  the  field  and  office  work  for  the  survey,  mapping,  plans, 
and  estimates  and  reduction  of  published  charts. 

The  cost  of  borings  includes  labor,  plant,  and  all  other  expenses 
connected  therewith,  except  the  cost  of  surveys  for  locating  them  and 
a  portion  of  the  assistant  engineer's  salary  for  general  supervision. 

For  both  surveys  and  borings  all  plant  was  considered  as  sunk  when 
the  work  was  completed  and  its  cost  proportioned  to  the  various  routes 
on  which  it  was  used. 

Lake  Champlain. 

Length  of  line,  in  miles 36 

Cost  of  surveys $5,636.00 

Cost  of  borings $2,268.00 

Linear  feet  of  borings 20, 169 

Cost  perfoot , $0.1124 

Cost  borings  per  mile $63.00 

Cost  surveys  per  mile $156.44 

Whitehall  to  Troy  dam. 

Length  of  line,  in  miles 61.5 

Cost  of  surveys -. , $21,106 

Cost  of  borings  - $4,905 

Linear  feet  of  borings 37,822 

Cost  per  foot $0. 1297 

Cost  of  borings  per  mile $79.76 

Cost  of  surveys  per  mile $343.19 


DKKl'    WA'IKKVVAVS.  373 

Tlio  oi-fjaiiizalion  was  soiucwhat  l)rok«Mi  aii<l  the  oost  of  the  work 
iiu'ivased  by  the  tiansfor  of  nam  to  other  parties  and  filling  their 
places  with  new  men.  It  is  quite  evident  that  the  work  could  be  done 
more  cheaply  by  experienced  men  than  l)y  those  new  to  the  work. 

After  completing  all  lield  work,  the  boi'ing  parties,  axmen,  etc., 
were  discharged  and  a  force  of  ten  engineers  was  retained  to  complete 
the  maps  and  make  final  estimates.  They  reported  to  the  Detroit 
office  January  .'51,  l.St»!»,  for  this  work. 

LOCATION. 

The  location  of  the  channel  was  laid  down  on  the  topographic  maps 
by  your  honorable  Board.  For  the  purpose  of  di.scussing  the  plans, 
character  of  excavation,  etc.,  the  line  may  be  divided  as  follows: 

1.  Port  Henry  to  Whitehall,  which  includes  all  work  in  that  part 
of  Lake  Champlain. 

2.  Whitehall  to  Fort  Edward,  which  includes  all  work  across  the 
divide  between  Lake  Champlain  and  the  Hudson  River. 

3.  Fort  Edward  to  the  State  dam  at  Troy,  which  includes  all  work 
in  the  Hudson  River. 

PORT   HENRY    TO   WHITEH.\LL. 

In  designing  the  channel  and  determining  the  grades  of  same  through 
Lake  Champlain,  it  is  assumed  that  the  low-water  level  will  be  regu- 
lated as  indicated  in  xVppendix  No.  8,  at  elevation  100,  and  the  high 
water  will  never  be  more  than  102  feet  above  mean  tide  at  New  York. 
The  grade  of  the  30-foot  channel  would  then  be  at  elevation  70,  and 
of  the  21-foot  channel  at  elevation  70,  and  both  level  throughout. 

To  near  Putnam  station,  station  1257,  the  proposed  width  is  600 
feet,  except  for  a  short  distance  at  Chipmans  Point,  where  it  narrows 
up  to  the  present  width  l)etween  the  rock  bluffs  on  each  side  of  the 
lake.  From  Putnam  station  to  station  18(34  the  width  is  450  feet, 
except  at  the  "Xai-rows,"  where  it  is  about  250  feet  between  the  high 
rock  bluffs  on  each  side.  From  station  1864  to  Whitehall,  station 
1957,  it  is  300  feet  wide,  except  through  the  rock  cut  at  the  "Elbow," 
where  it  is  of  the  standanl  canal  section.  The  above  widths  and  loca- 
tion api)ly  to  both  the  30-foot  and  the  21-foot  channels. 

The  nmterial  to  be  excavated  in  the  lake  is  silt,  sand,  and  rock  and 
is  classified  in  the  estiniates  as  earth  an<l  rock.  H<'tween  Port  Henry 
and  a  point  about  2  miles  south  of  Putnam  station  the  earth  is  mostly 
sand,  mixed  with  more  or  less  silt  and  mud,  but  from  this  point  to 
Whitehall  it  is  a  soft  silt  and  mud,  mixed  with  a  smallamount  of  sand, 
all  of  which  has  been  washed  into  the  lake  by  the  floods  of  South  Bay, 
Wood  Creek,  East  Bay,  and  other  small  streams. 

At  low  water  the  lake  is  a  narrow  stream  winding  tlirough  a  low, 
flat  marsh  about  l,6i»(i  tVet  wide,  with  an  average  elevation  of  95  feet; 
at  high  water  thi»  entire  marsh  is  flooded.  If  the  lake  is  regulated  at 
elevation  100,  this  marsh  would  then  be  under  5  feet  of  water.     It 
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would  not  support  a  high  spoil  bank,  but  it  would  probably  be  safe 
to  assume  that  a  bank  5  to  G  feet  above  low  water  would  be  stable. 
All  of  the  earth  to  be  excavated  in  the  lake  can  be  easily  handled  with 
a  hydraulic  dredge;  and  if  this  method  is  adopted  for  doing  the  work, 
ample  spoil  area  requiring  a  maximum  lift  of  less  than  10  feet  above 
water  surface  is  available. 

The  earth  slopes  are  1  on  3  for  all  excavation  in  Lake  Champlain, 
while  they  are  estimated  as  1  on  2  on  all  other  parts  of  the  line. 

Rock  is  found  at  the  following  points : 

At  station  570,  Larabees  Point,  Chipmans  Point,  and  station  1404, 
opposite  Cold  Spring,  small  quantities  of  rock  are  found  above  the 
grade  of  the  30-foot  channel,  but  it  is  all  below  the  grade  of  the  21- 
foot  (channel.  The  rock  at  Larabees  Point  is  shale  or  slate,  and  at 
the  other  places  it  is  quartzite.  About  1  mile  north  of  Whitehall  is  a 
point  of  quartzite  rock  projecting  into  the  lake.  It  is  locally  known 
as  the  "Elbow,"  and  has  an  average  elevation  where  the  channel  cuts 
through  it  of  about  135,  and  the  length  of  the  cut  is  about  800  feet. 
A  part  of  this  rock  is  classified  as  wet  excavation,  but  most  of  it  is  dry 
excavation. 

Rock  is  also  encountered  in  the  harbor  at  Whitehall. 

WHITEHALL  TO   FOKT   EDWARD. 

As  before  stated,  it  is  assumed  that  the  level  of  Lake  Champlain 
will  be  regulated  at  elevation  100.  Low  water  in  the  Hudson  River 
at  Fort  Edward,  where  the  canal  enters,  is  at  elevation  117.6  under 
present  conditions;  but  if  the  river  be  deepened  to  30  feet,  this  low 
water  would  be  only  slightly  higher  than  the  Fort  Miller  dam  (115.1), 
which  is  7.1  miles  downstream.  Two  and  seven-tenths  miles  below 
Fort  Miller  is  the  Northumberland  dam,  with  a  crest  elevation  of  102.5. 
The  low-water  level  of  the  pool  below  this  dam  is  about  85. 

The  divide  between  Lake  Champlain  and  the  Hudson  River  may  be 
crossed  in  either  of  two  ways : 

1.  By  locking  up  at  Whitehall  to  the  level  of  the  Hudson  River  and 
then  making  the  grade  of  the  channel  level  to  Fort  Miller. 

2.  By  making  a  through  cut  on  the  level  of  the  lake  channel  to  the 
Northumberland  dam. 

The  first  plan  M^ould  involve  supplying  water  to  the  high  level  for 
lockage  at  Whitehall  and  at  Fort  Miller.  This  can  be  done  b}-  con- 
structing a  system  of  reservoirs  on  the  head  waters  of  the  Hudson.  It 
would  also  involve  the  construction  of  two  additional  locks.  On  the 
other  hand  there  would  be  a  large  saving  in  the  quantity  of  excava- 
tion. In  case  this  plan  be  adopted,  it  would  be  best  to  raise  the  crest 
of  the  dam  at  Fort  Miller  to  an  elevation  of  118,  which  would  reduce 
the  excavation  and  not  flood  the  valley  of  the  Hudson  at  high  Avater. 

The  second  plan  would  involve  a  greater  amount  of  excavation  for 
the  channel,  but  would  save  the  expense  of  providing  a  water  supply 
and  the  cost  of  two  locks.     In  this  case  the  water  for  lockage  would 
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be  brought  from  t  lie  St.  Lawrciico  River  tlirough  Lake  ('liuinplain  and 
down  to  tlio  Hudson  River  on  a  continuous  down  j^rade,  re(iuiring  but 
little  expense  over  the  cost  of  constructing  the  canal.  The  crest  of 
the  dam  at  Northumberland  would  be  cut  down  to  the  level  of  Lake 
Champlain — elevation  100.  Ships  would  be  saved  th«'  time  of  locking 
at  Whitehall  and  at  Fort  Miller. 

A  preliminary  estimate  indicates  tiiat  the  t-osl  ut  llie  two  plans  is 
about  the  same;  and  since  the  second  plan  gives  a  more  certain  and 
unlimited  water  suj^ply,  as  well  as  a  channel  that  can  be  more  quickly 
navigated,  it  was  decided  to  base  the  estimates  on  the  low-level  cut. 

The  alignment  is  shown  on  plates  51  and  52  and  is  the  same  for  both 
the  oO-foot  and  21-foot  channels.  Rock  api)ears  above  grade  at  AVhite- 
hall  for  a  distance  of  about  1,500  feet,  dips  below  grade  at  station  1072, 
and  appears  again  at  station  2290,  6.3  miles  south  of  Whitehall,  and 
continues  above  grade  to  station  2523,  just  south  of  Fort  Ann.  All 
of  this  rock  is  a  hard  quartzite,  irregularly  stratified,  and  dips  to  the 
east.  It  contains  many  vertical  cracks  or  seams  and  is  hard  to  drill, 
but  breaks  well  when  blasted.  Between  Fort  Ann  and  Fort  Edward 
rock  is  found  above  grade  in  several  places,  and  is  a  hard  shale  or 
slate  when  covered  with  earth  or  water,  but  breaks  up  into  flakes  and 
splinters  when  excavated  and  exposed  to  the  air  and  eventually 
becomes  a  clay  soil;  but  when  exposed  to  the  air  in  its  natural  bed, 
it  decidedly,  though  slowly,  disintegrates.  It  breaks  up  well  by 
blasting  and  is  easily  drilled. 

The  material  overlying  the  bed  rock  is  generally  soft  claj"^  mixed 
with  sand,  but  pockets  of  pure  sand  are  found  just  north  of  Fort  Ann 
and  between  Whitehall  and  Comstocks.  No  bowlders  are  found,  and 
but  very  little  gravel  mixed  with  the  earth.  In  fact,  it  is  good  material 
to  excavate  with  a  hydraulic  dredge,  though  the  bft  may  be  too  great 
in  the  deepest  cuttings  for  this  method. 

The  streams  crossed  are  Wood  Creek,  Granville  River,  Halfway 
Creek,  and  Bond  Creek.  On  leaving  Lake  Champlain,  the  channel 
enters  the  valley  of  Wood  Creek,  which  is  a  sluggish  stream  winding 
through  a  low  valley,  and  follows  it  with  frequent  crossings  for  16.5 
miles  to  station  2830.  One-half  mile  north  of  this  point  it  should  be 
taken  into  the  canal.  Its  elevation  is  13s  fe^M.or  3>:  feet  above  the 
proposed  water  level. 

The  Granville  River  is  crossed  1.7  miles  south  of  AVhitehall  and  is 
7  feet  above  the  canal.  Halfway  Creek  is  crossed  just  south  of  Fort 
Ann,  halfway  between  Whitehall  and  Fort  Edward,  and  is  28  feet 
above  the  canal. 

Separate  gaugings  of  these  streams  could  not  be  had,  but  they  all 
enter  the  lake  through  one  channel  and  have  a  combined  low-water 
flow  of  300  cubic  feet  per  second  and  a  high-water  flow  of  7,000  cubic 
feet  per  second.  These  streams  can  be  taken  into  the  canal  b^-  letting 
them  down  over  a  dam  to  the  level  of  the  canal  and  constructing  a 
basin  of  sufficient  cross  section  to  let  them  enter  at  a  low  velocity. 
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By  cutting  a  diversion  channel  about  1,200  feet  long  Wood  Creek 
can  be  taken  into  the  canal  on  a  solid  rock  foundation  at  station  2855. 

It  will  be  seen  on  plate  52  that  the  Chanii^lain  Canal  enters  Wood 
Creek  at  Fort  Ann  and  the  two  streams  then  become  one  and  the  same 
to  station  2260,  a  distance  of  5.2  miles.  They  pass  through  the  nar- 
row gorge  about  4  miles,  from  station  2300  to  station  251G,  and  it  is 
evident  that  the  canal  can  not  be  maintained  while  the  new  channel 
is  being  excavated  if  the  work  is  done  in  the  dry.  In  fact,  the  only 
way  to  do  this  part  of  the  work  in  the  dry  is  to  construct  a  dam  across 
the  head  of  the  gorge  and  excavate  a  channel  along  the  line  of  the 
canal  to  carry  the  waters  of  Halfway  Creek  and  Wood  Creek  to  the 
Hudson  River  at  Fort  Edward.  In  case  this  part  of  the  work  is  exca- 
vated with  hydraulic  dredges,  these  stream.s  would  furnish  a  water 
supply  for  pumping.  There  are  also  several  small  streams  crossed 
on  this  reach  of  the  canal,  but  the}'  caii  all  be  cared  for  at  small 
expense  and  need  not  be  considered  in  detail. 

It  will  be  necessary  to  change  tlie  alignment  of  the  Delaware  and 
Hudson  Canal  Compan}'^  Railroad  at  the  following  points: 


From  station— 

To  sta- 
tion— 

1 
Dis- 
tance. 

1847..... 

lOll 
2190 
2:{ti2 
2507 
2557 
27;J0 

Feet. 
6, 400 
6,300 
2,500 
3.700 
3,200 
9,U00 

2127 

2337.. 

2470 

2525 

2640 

Total... 

a  31, 100 

a  Equals  5.7  mileb. 

Near  station  3110  it  is  proposed  to  build  a  guard  lock  and  by-pass 
to  serve  the  double  purpose  of  regulating  the  low- water  flow  from  the 
lake  to  the  Hudson  River  and  the  high-water  flow  from  the  river  to 
the  lake.  The  lock  could  be  located  at  any  point  near  the  Hudson, 
but  the  site  is  selected  on  account  of  affording  rock  foundation. 

FORT  EDWARD  TO  STATE  DAM  AT  TROY. 

This  part  of  the  canal  is  located  generally  in  the  bed  of  the  Hudson 
River,  but  makes  such  cut-offs  at  the  bends  as  are  necessary  to  give 
good  alignment  and  may  more  properly  be  called  canalized  river. 

It  involves  hydraulic  problems  somewhat  ditferent  from  those  met 
with  on  the  other  parts  of  the  lines,  in  that  navigation  must  be  main- 
tained during  the  times  of  extreme  low  and  extreme  high  water,  the 
range  of  which  is  great. 

For  the  purpose  of  showing  the  conditions  which  govern  the  high 
and  low  water  in  the  Hudson  River  a  tabulated  statement  is  given  of 
the  dams  existing  across  the  river,  together  with  the  distance  above 
the  State  dam  at  Troy,  the  average  elevation  of  crest,  and,  as  near  as 
can  be  ascertained,  the  elevation  of  high  and  low  water  at  several 
points. 
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Location. 


2 


a  cs 

.2^ 


H 


S 

a  eg 


Remarks. 


State  dam  at  Troy 


Miles. 
0.0 


1,100 


13.5 


Do. 


3  miles  above  Troy 
Do 


4.9     miles    above 
Troy. 

9  miles  above  Troy 


Hudson  River 
Power  Trans- 
mission Co.'s 
dam. 


The  Duncan  Co.'s 
dam. 


Just  below  Still- 
water dam. 


Stillwater  dam . . 


0.7    miles    above 
Stillwater  dam. 


0.15   miles    above 
Stillwater  dam. 


2.7    miles     above 
Stillwater  dam. 


4.4    miles     above 
Stillwater  dam. 


6.1     miles    above 
Stillwater  dam. 


State      dam      at 
North  umberland 


Do 


0.4    miles     above 
State    dam    at 
Northumber- 
land. 
Do 


3.0 
3.0 


4.9 

9.0 
9.4 

11.5 


708 


794 


48.0 


64.5 


13.9 


14.6 


14.05 


16.6 


18.3 


20.0 


34.3 


820 


83.6 


10.4  miles    above 

Stillwater  dam. 
Schuylerville      26.3 

Bridge. 


28.1 


28.1 

38.5 


Mar.   1,1896 
1861 


1861 
1894 


1894 

1869 
Apr.  19,1896 

do 

18S0 
Apr.  19,1896 

do 

1844 
Apr.  19. 1896 

do 

Apr.  26,1895 

1896 
1896 


3:^.4 

28.4 


30.0 
29.6 


45.1 
54.9 

72.7 
83.9 
91.5 

93.2 
92.6 
93.5 

95.3 

96.2 

98.8 
99.2 
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1866     110.8 


111.-' 

Apr.  19,1896     112.2 


14.2 


9.2 


16.4 


14.2 


33.5  I    lti.«     16.7 


31.6 

48.9 


66.3 
76.8 


13.5 
6.0 


7.4 

7.1 


84.0 

7.5 

84.1 

9.1 

84.1 

9.4 

84.2 

11.1 

84.2 

12.0 

84.4 

13.9 

84.6 

14.6 

High  water  caused 
by  ice  gorge:  dam 
submerged. 

High    water    caused 
by  ice  gorge.  Infor- 
mation from  McEl- 
roy's  notes. 
Do. 

High  water  cau.sed 
by  ice  gorge.  Au- 
thority, Waterford 
bridge  tender. 

High  water  caused 
by  ice  gorge.  Au- 
thor! tv,  Frank  W. 
Van  Fleck. 

Authority,  Mr.  Has- 
broock."  Mark  on 
willow  tree. 

High  water  com- 
putod.  Dam  built 
1897-98.  Assumed 
part  of  water  is 
passing  through 
sluices. 

Authority,  The  Dun- 
can Co.'s  gauge 
readings. 

Caused  by  ice  gorge. 
Authority,  McEl- 
roy's  notes. 

High  water  com- 
puted. Angular 
alignment  and  ir- 
regular cre.'it. 

Authority.  Wm.  To- 
bau.  Stillwater,  N. 
Y. 

Caused  by  ice  gorge. 
Authority.  McEl 
roy's  notes. 

Caused  by  ice  gorge. 
Authority.  \V.  N. 
Hill.BemisHeights. 
N.  Y. 

Caused  bv  ice  gorge. 
Authority,  Mrs.  .Jo- 
seph Holmes.  Berais 
Heights,  X.  Y. 

Caused  bv  ice  gorge. 
Authority.G  A. En- 
sign. C.  E.  Mark, 
and  photograph. 

Nail  in  tree  l)y. 

Authorities,  Abra- 
ham De  Riddle.east 
end  bridge:  F.  B. 
PaniKX'k.  west  end 
bridge:  also,  photo- 
grai)h.    All  agree. 

High  water  com- 
puted. Irregular 
crest  and  angle  in 
dam. 

Authority.  McEl- 
rov's  notes. 

Authority.  Warner, 
C.  E.:  also,  photo- 
graph by  him. 


111.4  i i  Authority,         McEl- 

1  '  .  '      roy's  notes. 
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Table  No.  11 — Continued, 


Location. 


Just  above  Fort 
Miller  dam.  east 
.side. 

Fort  Miller  dam.^ 

1.6  miles  above 
Fort  Miller  dam. 


Do 

2  miles  above  Fort 

Miller  dam. 
3.3     miles    above 

Fort  Miller  dam. 
5.0     miles    above 

For:  Miller  dam. 


s 

j3 

a 

TT 

9 

>. 

> 

H 

.a 

n 

is 

a 

< 

Miles. 

H-.* 

Feet. 

3L0 

60o 


J  < 


Bo 


7.3     miles    above 

Fort  Miller  dam. 
East  end  Fort  Ed 

ward     railroad 

bridge. 
Ac     Glens     Falls 

Paper  mills. 

Glens  Falls  Pa- 
per Co. 's  dam  at 
Fort  Edward. 


31.0 
33.6 


33.6 
83.0 


34.3 
36.  .5 


no     11.5.1 


a  a 
.2^ 


181»6 
1896 


122. « 

132.5 
127.0 


Jo 
3  « 


1869     129.0 
131.3 


36.5 


38.3 
38.5 


38.9 
.39. 0 


WS      1K13 


1896 
1896 


1869 
1896 


127.9 

i;k.o 


115. 9 
116.3 


116.3 
116.5 


116.5 

llfi.n 


6.6 
10.7 


12.7 

U.7 


n.4 

l.S.l 


Remarks. 


1896 
Apr.  10,1896 


135.0 

116.9 

18.1 

132.7 

117.6 

15.1 

134.8 
132.9 

120.0 

13.9 

148.56 

140.7 

7.86 

Authority,  McEl- 
roy's  notes. 

High  water  com- 
puted. 

Authority,     Marlow 
Dickinson.         Ap- 
proximate mark. 
Do. 

Authority.  McEl- 
roy  s  notes. 

Authority.  Seth  W. 
Bristol. 

Authority,  Geo.  P. 
Cook.  Correct 
within  a  terth  or 
two. 

Authority,  Geo.  P. 
Cook.  Definite 
mark. 

Name  not  taken. 

Authority.  McEl- 
roy's  notes. 

Authority,  superin- 
tendent of  paper 
mills.    Definite. 

High  water  from  pa- 
per  company's 
gauge  readings, 
Jau.l,  1896,  to  date 


Note  1.— The  distances  are  measured  along  the  center  line  of  the  proposed  channel  from  the 
Trov  dam  to  Fort  Edward,  and  not  alont:  the  river  channel  as  it  now  exLsts. 

NoTK  3.— All  elevations  are  corrected  to  refer  to  Greenbush  bench  mark,  elevation  14.73  above 
mean  tide  at  New  York.    • 

It  is  evident  that  the  dnins  control  the  elevation  of  the  high  water 
at  the  points  where  they  are  located,  and  the  elevation  at  other  points 
is  the  slope  in  the  river  from  these  points  to  the  dam  below,  plus  the 
depths  over  the  dams,  so  that  the  range  between  the  low  and  the 
high  water  is  greater  at  all  other  jjoints  than  at  the  dams. 

Since  the  control  of  the  flood  waters  is  an  important  factor  in 
designing  the  channel,  it  might  be  well  to  inquire  as  to  the  period 
that  such  data  cover.  Samuel  McElroy,  civil  engineer,  made  a 
survey  of  the  Hudson  River  from  Fort  Edward  to  Troy,  in  18G6, 
for  the  State  of  New  York.  In  his  report,  dated  January  1,  1807,  he 
gave  the  elevation  of  the  high  and  low  waters  at  several  points,  and 
states  that  they  are  the  ''greatest  known  in  one  hundred  years." 
However,  many  of  them  must  be  eliminated  on  account  of  the 
changes  made  in  the  river  since  that  time.  New  dams  have  been 
built  and  the  crests  of  the  old  ones  have  been  changed,  so  that  the 
elevation  of  the  water  then  and  now  would  not  in  many  places  be  the 
same  for  a  given  volume  of  flow.     The  high  waters  noted  by  him  at 
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Schuylervillc,  Orockers  Reefs,  and  Fort  Edward  would  probably  l)e 
about  the  same  now  for  the  same  volume  of  flow.  Since  this  survey 
was  made  two  notable  hi<;h  waters  have  occurred — April,  1HH1»,  and 
April  10,  1S9G — the  former  bein^  from  U  to  '-i  feet  hij^her  than  the 
latter.  The  high- water  nuirks  given  by  Mr.  McElroy  are  lower  than 
those  of  1800  and  higher  than  thos<' of  1806.  It  is  probably  safe  to 
say  that  these  records  cover  a  period  of  at  least  sixty  years. 

The  high  waters  in  the  vicinity  of  Troy  have  been  caused  by  ice 
gorges  below  the  State  dam,  and  do  not,  therefore,  represent  normal 
con(.liti(>ns.  These  floods  rise  i'ai)idly  in  two  to  three  days,  and  recede 
in  about  the  same  time. 

The  normal  low-water  flow  and  luw-waler  level  are  ditlicnlt  to  deter- 
mine under  present  conditions.  Water  wheels  are  installed  at  the 
dams  with  a  much  greater  capacity  than  the  low-water  flow  of  the 
river,  and  as  a  result  the  water  in  the  pools  above  the  dams  is  fre- 
quently drawn  down  from  1  to  2  feet  below  the  crest  of  the  dam.  If 
the  wheels  stop  at  such  times,  there  will  be  no  flow  below  the  dam 
until  the  jwol  above  is  filled  to  a  level  above  the  crest,  thus  giving  a 
period  of  no  flow  in  the  river  at  that  point,  and  if  the  wheels  start  up 
again  the  flow  will  l)e  gi'eater  than  the  normal  supply  to  the  river. 

Under  these  conditions  the  low-water  level  may  vary  2  feet  or  more 
while  the  normal  supply  remains  constant.  Taking  the  list  of  dams 
given  in  the  above  table  and  also  the  several  dams  above  Fort  Edward, 
it  will  be  seen  how  difticult  it  would  be  to  select  a  time  for  making 
measurements  when  the  river  was  discharging  its  normal  low-w^ater 
volume  at  any  given  point. 

However,  it  is  not  important  for  the  purposes  of  this  report  to  know 
the  exact  low- water  flow  except  that  it  shows  there  will  be  little  or  no 
slope  in  the  proposed  channel  at  low-water  stages.  There  would  be 
a  very  flat  slope  when  the  discharge  is  double  the  extreme  low- water 
flow.  This  condition  fixes  the  grade  of  the  proposed  channel  as  level 
from  one  dam  to  another  to  give  the  required  low-water  depth 
throughout. 

For  the  flood  stages  of  the  river  it  is  assumed  that  the  mean  veloc- 
ity should  not  exceed  4  feet  per  second  to  afford  safe  navigation  and 
protection  to  the  banks  of  the  channel.  It  is  also  desirable  to  limit 
at  all  points  the  fluctuations  between  low  and  high  waters  to  a  mini- 
mum. Starting  with  a  low- water  level  at  Northumberland  and  enter- 
ing the  river  below  the  Troy  dam  at  tide  level,  there  is  a  difference  of 
level  of  100  feet  to  be  overcome  by  locks  and  dams. 

If  the  pi'esent  dams  can  be  maintained  at  their  present  elevati<»n^, 
it  is  evident  that  the  industries  depending  on  the  power  at  the  dam 
sites  will  be  disturbed  the  least  possible  amount.  Fortuimtely  the 
locations  and  elevations  of  the  dams  are  such  that  tliis  ireneral  plan 
can  be  followed  except  for  the  one  at  Fort  Miller. 

This  must  I)e  entir<dy  taken  out  in  order  to  carry  the  level  of  Lake 
(Munnplaiii  to  yoi'tlimnlxTland,  whei'c  tln'   i]v<r  dain   and    l.i.-l:  \v.iiil<l 
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be  put  in  after  leaving  the  lake.  At  each  of  the  dams  below  this  point 
it  is  proposed  to  have  a  lock  and  to  maintain  dams  at  about  the  pres- 
ent elevation.  It  is  desirable  to  build  dams  with  as  great  a  length  of 
crest  as  possible,  so  as  to  limit  the  range  between  low  and  high  waters 
in  the  levels  above  them. 

The  cross  section  of  the  proposed  waterway  must  be  of  a  size  to  not 
only  affoi'd  good  navigation,  but  to  carry  the  flood  waters  with  a  mean 
velocit}^  not  greater  than  4  feet  per  seccmd,  or  2.73  miles  per  hour. 
According  to  Table  No.  11,  the  flood  of  1869  is  the  greatest  recorded, 
and  is  such  as  may  not  occur  oftener  than  once  or  twice  in  a  century, 
and  it  would  be  better  to  let  the  current  exceed  this  velocity  when  it 
occurs  than  to  enlarge  the  channel.  The  flood  of  1806  is  such  as  may 
occur,  say,  once  in  fifteen  years,  and  the  channel  should  be  designed 
to  take  care  of  it  without  damage  to  the  banks  or  to  navigation. 

The  Duncan  Companj'  has  gauge  readings  of  the  depth  of  water 
over  the  crest  of  its  dam  from  1886  to  date,  and  the  Glens  Falls  Paper 
Companj^  has  readings  from  January,  1896,  to  date.  They  show  that 
the  ordinary  spring  flood  is  about  50  per  cent  of  thenmximum  floods; 
also  that  the  maximum  floods  do  not  remain  above  the  ordinary  for  a 
period  of  more  than  from  four  to  six  days  and  are  not  at  the  extreme 
stage  longer  than  from  one  to  two  days. 

The  above  data  give  the  height  of  the  water  at  various  points,  but 
it  is  also  important  to  know  the  volume  of  flow  in  order  to  determine 
the  height  to  which  it  would  rise  on  the  new  dams,  the  slope  in  the 
channel,  and  the  velocity  of  the  current.  For  this  purpose  the  flood 
of  April,  1896,  will  be  taken  as  one  which  the  channel  should  carry 
witli  a  mean  velocity  not  exceeding  4  feet  per  second,  and  for  an}' 
flood  greater  than  this  the  velocitj^  would  be  allowed  to  increase.  It 
would  obviously  be  better  to  repair  anj^  damage  done  and  to  suffer 
any  delay  to  navigation  than  to  make  the  expenditure  for  construct- 
ing a  channel  of  the  required  larger  dimensions,  especially  us  the  only 
damage  that  may  be  done  will  be  to  delay  navigation  for  from  two  to 
four  days.  The  evidence  points  to  the  conclusion  that  there  has 
occurred  only  one  flood  in  the  past  one  hundred  years  as  large  as  that 
of  1869. 

From  the  gauge  readings  on  the  dams  at  Fort  Edward  and  at 
Mechanicville  the  volume  of  flow  maj*  be  computed  for  April  19, 
1896.  The  crest  of  the  former  dam  is  588  feet  long  and  the  depth  of 
water  over  it  was  8.16  feet,  while  the  crest  of  the  latter  dam  is  794 
feet  long  and  the  water  over  it  was  8.33  feet. 

The  usual  formula  for  computing  the  flow  over  dams  or  weirs  is  that 
deduced  from  the  Lowell  experiments  by  .James  B.  Francis,  and  is — 
Q  =  C  L  h  Hn  which, 
Q  =  discharge  in  cubic  feet  per  second. 
L  =  length  of  dam  in  feet. 
li  =  depth  of  water  over  dam. 
C  =  a  coefficient. 
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The  value  of  C  varies  through  a  wide  r;iii,u«'  lor  differt'ut  <h*pth.s  of 
water  and  for  different  cross  sections  of  the  dam  or  weir  used.  Most 
experiments  liave  been  witli  small  vr)lum('s  of  water  and  with  a  d('i)th 
over  the  weir  of  less  than  2  feet.  The  most  complete  experiments  of 
this  character  were  made  by  the  eminent  French  engineer,  M.  Bazin. 
These  experiments  were  extended  witli  large  volumes  of  water  and 
depth  over  the  crest  as  great  as  G  feet,  under  the  direction  of  your 
honorable  Board  at  the  Cornell  Hj'draulic  Laboratory,  and  are  fully 
reported  on  in  Appendix  No.  16.  While  none  of  the  forms  used  have 
exactly  the  same  cross  section  as  the  Fort  Edwai-d  daui,  Cornell  experi- 
ment No.  6  comes  the  nearest  to  it  and  gives  3.63  as  the  value  of  C  for 
a  depth  of  6  feet.  Taking  into  account  the  roughness  of  the  structure, 
it  would  be  ccm.servative  to  take  C  =  3.5  for  a  depth  of  H.16  feet  on 
the  Fort  Edward  dam,  which  would  give  a  discharge  of  47,700  cubic 
feet  per  second  on  April  19,  1896. 

The  section  of  dam  used  in  Cornell  experiment  No.  18  is  the  same 
as  the  Duncan  Company's  dam  at  Mechanicville,  except  the  latter 
has  an  apron  on  the  downstream  side,  which  would  have  the  effect, 
if  any,  of  increasing  the  value  of  C.  In  this  experiment  3.44  was 
obtained  as  the  value  of  C  for  a  depth  of  water  of  6  feet. 

Using  this  coefficient  for  a  depth  of  8.33  feet  on  the  Duncan  dam, 
we  get  a  discharge  of  65,800  cubic  feet  per  second  for  April  19,  1896. 

Having  fixed  the  volume  of  flow  at  these  two  points,  it  then  becomes 
necessary  to  determine,  as  near  as  may  be,  the  flow  at  the  projjosed 
location  of  other  dams,  to  compute  the  flood  heights  ov^er  their  crests, 
and  the  slopes  and  velocities  in  the  new  channel  wlien  constructed. 
Between  Fort  Edward  and  Northumberland,  Moses  Kill  and  Snook 
Kill  enter  the  Hudson,  and  the  additional  watershed  will  furnish  also 
a  small  amount  of  water.  The  flow  at  Northumberland  is  taken  as 
49,000  cubic  feet  per  second.  Batten  Kill,  Fish  Creek,  and  other 
small  streams  are  assumed  to  increase  this  to  52,000  at  Stillwater. 
Just  below  Stillwater  the  lloosick  Rivei"  enters  and  increases  tlie  flow 
to  65,800  at  the  Duncan  dam.  The  distribution  of  this  increased  flow 
is  probably  not  correct,  but  it  is  near  enough  to  the  truth  for  the 
purpose  of  this  report.  No  other  important  streams  enter  the  Hudson 
unlil  the  Mohawk  is  reached  just  above  Troy. 

In  fixing  the  size  of  the  cross  sections  it  was  assumed  that  17,000 
cubic  feet  per  second  would  be  turned  toward  Lake  Champlain  through 
the  by-pass  at  the  Fort  Edward  guard  lock.  In  this  way  tlie  volume 
to  be  provided  for  just  below  Fort  Edward  is  reduced  to  32,000  cubic 
feet  per  second,  and  at  the  other  points  mentioned  by  a  like  amount. 
It  would  probabh^  not  be  necessary  to  pass  the  full  17,000  cubic  feet 
per  second  toward  Lake  Champlain  for  more  than  one  day,  an<l  tliree 
days  would  likely  be  the  longest  period  that  it  would  be  necessary  to 
divert  any  flow  in  that  direction  during  any  one  flood.  Table  No.  12 
shows  the  location,  elevati(^)n,  and  lengtli  of  crest  of  the  proposed 
dams,  togetlier  with  the  i-cgulato*!  liiirli-wMt»M"  «lischMrtr»*  ajul  tlHM'lfva- 
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tions  of  high  water  above  and  below  the  dams  as  they  will  occur  after 
the  channel  is  constructed.  The  new  dams  are  to  be  of  the  ogee  sec- 
tion, and  4  feet  is  taken  as  the  value  of  C  when  the  depths  are  6  for 
computing  the  discharge  over  them. 

Bazin's  experiment  No.  193  gives  C  =  4.oo  for  a  head  of  1.2G  feet  on 
this  form  of  dam.  Cornell  experiment  No.  19  gives  C  =  3.()7o  for  a 
head  of  6  feet,  but  this  is  not  the  ogee  form.  For  computing  the 
flood  depths  over  crest,  C=  4.01  is  used.  In  comj^uting  the  slopes  and 
velocities  in  the  channel,  the  formula  y  =  C  ■^jrs  is  used.  C  is  derived 
from  Kutter's  formula  by  assigning  a  value  of  0.30  to  n. 

Darn  No.  1. — Located  at  Northumberland.  The  old  dam  is  to  be 
taken  out  and  replaced  bj'  a  concrete  dam  of  the  ogee  section. 

Darn  No.  2. — Located  at  Stillwater,  and  is  to  be  of  concrete  and 
ogee  section. 

Darn  No.  S. — The  Duncan  Company's  dam  at  Mechanic ville.  It  is 
to  be  lengthened  from  794  feet  to  8G0  feet,  but  otherwise  unchanged. 

Dam  No.  Jf. — The  Hudson  River  Power  Transmission  Company's 
dam,  2  miles  below  Mechanicville.  It  is  of  the  ogee  section,  708  feet 
long,  and  built  in  1897.  It  is  to  remain  unchanged.  Under  the  flood 
heads  about  14,000  cubic  foot-seconds  flow  through  the  10  sluices 
and  the  water  wheels,  leaving  51,800  cubic  foot-seconds  to  flow  over 
the  crest  of  the  dam. 

Dam  No.  5. — Located  1  mile  above  Waterford,  and  is  to  be  a  new 
dam  of  the  ogee  section. 

Datn  No.  6. — The  State  dam  at  Troy,  which  has  an  elevation  of 
13.0,  but  the  low- water  level  is  raised  to  15  by  the  use  of  flash  boards. 
No  changes  are  required  in  it. 


Table  No.  12. — Dams. 

CHAMPLAIN  ROUTE,  HUDSON  RIVER  DIVISION. 
[Thirty-foot  channel.] 


Dam 

No. 

Loca- 
tion 
sta- 
tion. 

Crest. 

Elevation  of  water  sur- 
faces. 

Estimated 
discharge, 
cubic  feet 
per  sec- 
ond. 

Length. 

Eleva- 
tion. 

Above  dam. 

Below  dam. 

Remarks. 

High. 

Low. 

High. 

90.4 
71.6 
53.6 
a5.9 

a33.3 

Low. 

1 

2 

3 

4 

5 

6 

3730 
4473 

4.582 
4710 

4920 
5208 

800 
900 
860 
708 

1,000 
1,100 

100 

85 
65 
48 

30 
15 

104.6 
89.6 
71.5 
.53.3 

35.3 
32.5 

100 
85 
65 

48 

30 
15 

85 
65 
48 
30 

15 
0 

32.0(;0 
35,000 
48.800 
34,800 

48,800 

14,000  through  sluices  and 
turbines. 

High  water  estimated. 

a  The  high- water  elevations  given  at  dams  Nos.3  and  5  are  below  the  locks,  instead  of  immedi- 
ately below  the  dam. 
Note.— Elevation  high- water  station  3197=106.9. 

The  observed  high  waters  which  have  occurred  at  Troy  have  been 
caused  by  ice  gorges  below  the  dam,  and  the  high  waters  which  have 
occurred  independent  of  ice  gorges  are  afl'ected  b}'  the  backwater,  so 
that  no  reliable  data  exist  from  which  to  compute  the  flood  discharge 
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of  the  river  at  this  point.  If  the  ciiannel  i.s  (h*epened  Im-Iow  ih*-  dam 
to  30  feet  and  300  feet  wide,  it  is  not  pro])al)le  that  tliese  j^orj^e.s  will 
oeeur,  and,  in  a<ldition  to  tliis,  tlie  lu'i^dit  of  the  Imckwater  will  l)e 
reduced.  'J'he  flood  of  18!)0  gave  a  depth  of  I».l)  feet  over  the  cre«t  of 
the  dam.  It  is  probable  that  this  would  not  be  greater  than  0  feet 
under  the  new  conditions,  giving  an  elevation  of  22.5  feet  when  the 
flashboards  are  down.  Tliis  is  tlu'  clcvjit  ioo  Mssumcd  in  11i<*  ;ili(»ve 
table. 

Locks  are  located  near  each  of  llie  al)ove  dams.  Tliey  arc  all  single 
locks  of  the  standard  design,  with  rock  foundations.  The  locations 
of  the  locks  and  also  of  the  dams  are  the  same  for  both  21-foot  and 
30-foot  channels.  Continuing  the  numbering  as  brought  from  Lake 
Ontario  down  the  St.  Lawrence  River  and  to  Lake  Champlain,  the  first 
one  on  this  division  would  be  No.  G.  The  numbers  continue  succes- 
sively downstream. 

Table  No.  13  gives  a  statement  of  the  locks  t(i  be  built. 

Table  No.  I'd.— Locks. 


No. 

Station.o 

Length 

of  level 

above,  in 

miles. 

Elevation,  low- 
water  sarface. 

Lift. 

Remarks. 

Above. 

Below. 

6 

3112 

3727 
4486 
4585 
4722 
4999 
.5215 

127.4 
11.5 
14.4 
1.75 
2.43 
3.72 
4.09 

100 
100 

85 
65 
48 
30 
15 

100 
85 
65 
48 
30 
15 
0 

is' 

30 
17 
18 
15 
615 

7 

8 

At  Stillwatt^r. 

9 

10 

Ju8t  ahovt?  Mechanicyille. 

11 

12 

At  Troy  dam. 

COST,  c 


Lock  No. 


Thirty -foot  Twenty-one-    Operating 
channel,      foot  channel,  machinery. 


6  

$777,799 
1,002,988 
1,054,289 
l.(J24.4,58 
l,Otl.225» 
976. 674 
1.001,658 

$453,116 
632,  .>>t 
660,829  ; 
646.  :at 
IVX).  :{2'.i 
6i:.22<.t 
630,629  1 

$1(10.(1011 

7 

1(111.(11111 

8 

1(1(1.(1(111 

9 

1(10.(100 

10       .                      

Kll  (NU 

11                             

1(1(1.(1)10 

12 

100. OUO 

Total  

6,879,005 
700,000 

4,297.015  1 
700, oa)  [.. 

700.000 

Total 

7,579,096 

4,997,015    .. 

1 

a  The  stationing  given  above  is  at  the  middle  of  the  lock.    Water  iwwer  for  driving  the  oper- 
ating machinery  can  l)e  developed  at  the  site  of  each  dam. 
b  The  lift  of  this  lock  was  made  15  feet  to  ])rovide  for  a  minimum  low  water. 
c  The  cost  is  for  the  lock  structure  complete,  except  excavation. 

The  grades  of  the  21-foot  and  30-foot  channels  are,  respectively,  21 
feet  and  30  feet  below  the  water  surface  given  in  the  above  table. 

ALTERNATE   PLAN. 


While  the  tabulated  estimates  in  this  report  are  base<l  on  fixed 
dams  with  lieight  of  crest  the  same  as  that  of  the  proi)osed  low-water 
level,  a  part  of  the  line  could  be  treated  in  a  dilTerent  way  at  a  great 
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saving  in  cost  of  construction.  The  elevation  of  the  Troj^  dam  at 
present  is  13.5,  and  the  low-water  level  is  raised  to  15  by  the  use  of 
flashboards. 

By  substituting  for  them  a  movable  form  of  dam  this  could  be 
increased  to  18  feet  without  injury  to  any  existing  industries  along 
the  river.  At  times  of  high  water  the  movable  part  of  tlie  dam  could 
be  lowered  so  as  to  keep  the  flood  stage  at  or  below  the  present  high- 
water  level.  This  would  require  3  feet  less  cutting  back  to  lock 
No.  11.  Similarly,  dam  No.  5  could  be  raised  4  feet,  dam  No.  4,  4  feet, 
and  dam  No.  3,  5  feet  without  decreasing  the  head  now  existing  at 
each  of  them.  In  fact,  the  available  liead  would  be  greater  than  at 
present.  In  addition  to  this,  the  fixed  crest  could  be  placed  lower 
than  at  present,  and  thus  decrease  the  high- water  level.  Dam  No.  2 
could  not  be  raised  without  decreasing  the  head  at  dam  No.  1.  Dam 
No.  1  could  not  be  raised,  for  the  reason  that  its  level  is  fixed  with 
reference  to  the  level  of  Lake  Champlain ;  and  the  guard  locks  at  Fort 
Edward  could  not  be  used  to  hold  the  waters  back,  since  the  sujjply 
is  needed  from  Lake  Champlain  for  lockage.  However,  it  may  appear 
cheaper  to  raise  dam  No.  2  and  pay  the  damage  due  to  the  decreased 
head  at  dam  No.  1. 

To  raise  dams  Nos,  3,  4,  5,  and  6  as  indicated  above  would  make  a 
saving  for  the  30-foot  channel  of  approximately  $5,230,000  in  exca- 
vation and  lock  and  retaining-wall  construction.  From  this  must  be 
deducted  the  increased  cost  of  constructing  the  dams,  $40,000,  making 
a  net  saving  of  $5,190,000.  For  the  21-foot  channel  the  net  saving 
would  be  $4,774,000,  less  $40,000,  equals  $4,734,000. 

These  changes  would  also  change  the  lifts  of  locks  Nos.  8,  9,  10,  11, 
and  12  for  both  the  30-foot  a?id  the  21-foot  channels,  shown  in  the 
following  table : 

Table  No.  14. — Locks  for  alternate  2^l(in, 


Lock  Ko. 

station 
loca- 
tion. 

Elevation  of  low 
water 

Lift  of 
lock. 

Remarks. 

Above. 

Bolow. 

8 

4486 
4585 
4722 
4999 
5215 

85 
70 
52 
34 

18 

70 
52 
34 
18 
00 

15 
18 
18 
16 
18 

At  Stillwater. 

9 

Just  above  Mechanicville. 

10... 

2  miles  below  Mechanicville. 

11 

1  mile  above  Waterford. 

12 

At  Troy  dam. 

If  dam  No.  2  be  raised  3  feet,  the  lift  of  lock  No.  7  would  be  changed 
from  15  to  12  feet  and  lock  No.  8  from  15  to  18  feet.  The  net  saving, 
exclusive  of  damage  to  water  power,  would  be  $6,837,000,  minus  the 
increase  in  cost  of  dams,  for  the  30-foot  channel,  and  $6,072,000,  minus 
the  increase  in  cost  of  dams,  for  the  21 -foot  channel. 

This  alternate  plan  seems  worthy  of  consideration. 


DEEr    WATEKWAYS.  385 

STABILITY   OF   THE  CHANNEL. 

The  upiH'r  Hudson  docs  not  cany  u  large  amount  of  sediment,  and 
there  is  but  litlle  evidence  of  caving  banks  or  "silting  up."  A  com- 
parison of  the  profiles  made  from  the  survey  of  Mr.  McElroy  in  1S66 
^vith  those  made  from  the  survey  in  I8I1K  (thirty-two  years  later) 
shows  that  there  have  been  only  slight  changes  in  the  bed  of  the 
stream  in  that  time,  although  there  have  occurred  in  this  interval  the 
extreme  high  waters  of  18(;i»  and  1<S0().  Since  the  high-water  slope 
and  the  velocity  of  the  currents  will  be  less  in  the  new  channel  than 
in  the  present  river,  we  may  safely  conclude  that  the  channel  will  bo 
stable  and  re<iuire  but  little  excavation  to  maintain  the  navigable 
depth. 

The  material  to  be  excavated  is  classified  under  the  heads  of  rock 
and  earth,  there  being  no  hardpan  on  this  line.  The  rock  is  a  slate 
or  shale,  in  irregular  layers  which  dip  sharply  to  the  east,  firm  and 
hard  when  in  its  original  bed,  but  disintegrates  rapidly  when  broken 
up  and  exposed  to  the  air.  It  is  more  easily  drilled  than  limestone, 
and  breaks  up  readily  under  the  blast.  The  earth  from  Northumber- 
land to  Stillwater,  a  distance  of  14  miles,  is  an  alluvial  deposit  com- 
posed principally  of  soft  clay  and  sand,  while  that  on  the  rest  of  the 
line  is  somewhat  harder,  but  composed  of  the  same  materials.  All  of 
it  can  be  easily  excavated  with  hj'draulic  dredges.  For  the  entire 
length  of  the  line  from  Port  Henry  to  Troy  there  is  no  hardpan  and 
verj'  little  gravel  or  bowlders,  making  the  earth  of  a  class  that  is  easy 
to  excavate. 

The  estimate  of  quantities  of  excavation  is  based  on  the  standard 
sections  of  channel  adopted  by  your  honorable  l^oard,  except  for  Lake 
Champlain,  where  the  side  slopes  are  made  1  on  3  instead  of  1  on  2, 
as  in  other  cases,  on  a<'Count  of  the  soft  material  through  which  the 
cut  is  made. 

As  already  stated,  the  widths  of  channel  adopted  are:  From  l*ort 
Henry  to  Putnam  station,  600  feet;  from  Putnam  station  to  1  mile 
north  of  AVhitehall,  450  feet;  from  1  mile  north  of  "Whitehall  to 
AVhitehall,  3(^0  feet,  except  in  the  cut  through  the  "Elbow,"  where  it 
is  of  standard  (*anal  section;  in  Whitehall  from  station  1057  to  station 
1971  is  200  feet  wide;  from  Whitehall  to  the  Hudson  River  at  Fort 
Edward,  standard  canal  section;  from  Fort  Edward  to  Northumber- 
land the  30-foot  channel  is  of  the  standard  canal  section,  but  the  21-foot 
cliannel  is  made  300  feet  wide  to  carry  the  flood  waters  of  the  river; 
from  NorthumlK?rland  to  Troy  both  channels  are  made  300  feet  wide. 

BRIDGES. 

Tables  Nos.  15  and  1*'>  give  certain  data  in  regard  to  the  bridges 
now  existing  across  Lake  Champlain  and  the  Hudson  River;  also  the 
railway  and  highway  crossings  which  are  encountered  between  White- 
hall and  Fort  Edward. 

H.  Doc.  149 25 
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Table  No.  15. — Existing  bridges,  Champlain  route,  Hudson  River  division. 


tM 

*4 

J 

ja 

c« 

Location. 

0 

0 

■&« 

+3   . 

0 

m 

(ij 

fl  be 

"S.B 

fl  _. 

Place. 

Sta- 
tions. 

Kind 
of  bridge. 

Fixed  or 
swing. 

II 

a «! 

a 

CO 

0  0 

11 

levatio 
floor 

Remarks. 

^ 

'A 

^ 

tH 

W 

Feet. 

Feet. 

Addison  Juiic- 

"s;? 

Railroad 

Swing.. 

1 

1 

300 

107.5 

Pontoon  draw.    Pile 

tioa. 

trestle   2,270    feet 
long.   Used  by  Rut- 
land R.  R. 
[W  ooden      Howe 

Whitehall  .... 

l!>r,8 

Highway  ... 

Fixed  .. 

.... 

3 

200 

27 

JR.  122. 3 

11.  1.35.0 

1    trusses.    Crosses 
1    Wood    Creek    and 
I    Champlain  Canal. 

Do 

U»ti3 

Footbridge  . 

....do.  . 

2 

180 

12 

1:6 

Iron   truss   bridge 
over  Wood   Creek 
and  Champlain  Ca- 
nal. 

Iron     bowstring 
trusses.    Crosses 

Do 

l!»t)7 

Highway 

...do... 

3 

285 

28 

i:!2 

■     : 

Wood    Creek    and 

Champlain  Canal. 

Do 

1087 

do 

....do... 

1 

140  1  20 

12:1 

W  ooden     Howe 

trusses.    Crosses 

Wood  Creek. 

Do... 

1994 

Railroad 

do... 

1 

1 

l.5n   

lri5 

Pratt    truss    bridge 
over  Wood  Ci-eek. 

1 

Used    by    Rutland 

Branch,    Delaware 

and  Hudson  H  R. 

Northumbe  r- 

37a5 

Highway 

....do... 

11  1  577 

19 

Wooden    bridge 
owned  by  State  and 

land. 

i 

used    as    change 

bridge  for  canal. 

Do 

3737' 

Electric 

do... 

1 

17 

800    

Bridge  and  railway 
in  process  of  erec- 

railroad. 

tion. 

Clarks  Mills  .. 

37.56 

Highway  ... 

..-.do... 

3 

4.50     16 

86 

Riveted     Warren 

truss  steel  hridge. 

This  bridge  will  not 

be  interfered  with 

by  proposed  canal. 

Schuylerville. 

3821 

do 

....do... 

.... 

14 

814 

19 

'.H5.0 

Wooden     Howe 

trusses  on  piers  of 

small  stone.      Is  a 

toll  bridge,  owned 

by    private    c  0  m  - 

Stillwater 

4466 

do 

....do... 

9       616 

20.5 

96.0 

pany. 
8    bowstring    iron 
spans  and  1   Pratt 

truss  span.     Toll 

bridge    owned    by 

private    company. 
Not    interfered 

with   by  proposed 

canal. 

Mechanioville. 

4.5.54 

Railroad... 

....do... 

10 

1,257 

30 

118.5 

9   iron    combination 
Pratt  &  Warren 
truss  spans  and  1 
plate  girder  span. 
Used  by  Fitchburg 

R.   R.    Good  cut 

stone  piers.  Bridge 

of  old  type. 

Do 

4618 

Highway 

....do... 

.... 

3 

524 

27.5 

60.5 

Iron    WaVren    truss 

spans.    Toll  bridge 

owned   by  private 

company. 

Waterford.... 

5051 

H  i  ghway 
and  elec- 
tric rail- 
road. 

....do... 

2 

3 

798 

31 

37.4 

Wooden  arched  truss 
bridge,   built   in 
1803.     Toll    bridge 
owned  by  private 

Lansingburg  . 

5116 

do 

Swing.. 

3 

5 

822 

37 

39.3 

company. 
Draw  span  129   feet 
long  C.  to  C.  end 

pins.     3  through 
Warren       trusses. 

Toll  bridge  owned 

by    private    com- 

pany. 
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Table  No.   16. — Existing  highway  crossingii,  Champlain  route,  Hudson   River 

dimsion. 


Station. 

Plu.-.-. 

RemarkH. 

2237 

Not  much  traveled. 

2302  . 

2345 

Comstocks  P.  O 

Of  considerable  importance. 

2467 

Flat  Bock 

Do. 

2553 

Fort  Ann 

Important  creasing. 

2640 

Not  very  much  used. 

2761 

2872 

Not  much  used. 

i'flor 

Do. 

2940 

Do. 

3008... 

Important. 

3137 

Fort  Edward  

Do. 

3166 

do - 

Considerably  used. 

3179 

do 

Do. 

3187 

do 

Important. 

Some  of  these  highway  crossings  may  be  consolidated  without  mate- 
rial injury  to  the  traveling  public,  which  would  be  through  an  agree- 
ment with  the  parties  interested.  At  the  present  time  an  electric 
railway  is  being  built  along  the  valley  of  the  Hudson  River  from 
Stillwater  to  Northumberland,  where  it  crosses  the  river  below  the 
State  dam.  This  railway  can  be  taken  across  the  canal  on  the  bridge 
to  be  built  at  station  3756.  For  the  purpose  of  determining  the  num- 
ber and  character  of  bridges  which  must  be  built  or  reconstructed  it 
is  assumed  that  they  will  be  needed  at  the  locations  given  in  Table 
No.  17. 

Table  No.  17. — Location,  cost,  etc.,  of  proposed  bridges,  Hudson  River  division, 

Champlain  route. 


Sta- 
tion. 

Location. 

Kind  of  bridge. 

Num- 
ber of 
tracks. 

Swing 
or  fixed. 

Num- 
ber of 
spans. 

Thirty-foot 
channel. 

Twenty-one-foot 
channel. 

Total 
length. 

Esti- 
mated 
cost. 

Totel 
length. 

Esti- 
mated 
cost. 

757 
1968 

Addison  Junc- 
tion. 

Whitehall 

do 

Railway 

Highway 

1 

Swing.. 
...do... 

4 

!)77J 

475 
545 
5371 
545 

mi 

545 
545 
545 
565 
545 

255 
545 
565 

565 
550 
545 
235 
550 

O.'iO 

$174,676 

50,002 
105,430 
161,810 

73,338 

75,456 
112,882 

88,264 
118, 708 

80.387 
123,976 

18.633 

116,850 

71,533 

68,769 
203,383 

84,774 

19,986 

128,208 

145,960 
19,330 

»57i 

475 
525 
517i 
525 
579 
525 
525 
525 
541 
525 

255 
525 
541 

541 
530 
525 
195 
530 

630 
450 

$174,676 
.50,000 

1987 

do   

....do 

89, 6(H 

1994 

....  do. 

Railway 

1 

...do-.. 
....do... 

13:},  m\ 

2299 

Comstocks  — 
Flat  Rock  .. 

71,894 

2467 

...    do  

.     do 

70,218 

^.'vtS 

Fort  Ann   

do 

..  do 

9(i,186 

2t>«5 

do 

....do.. 

91,912 

2762 

Smiths  Basin  . 

do 

.--.do... 

102,144 

38.57 

do 



.--.do... 

7'>,  605 

3000 

Dunhams  Ba- 
sin. 
Fort  Edward . 
.  ..  do 

do 

...  do. 

lost,  914 

3112 

do 

....do.-. 

18,633 

3180 

....  do 

.  do 

98,608 

3757 
4466 

Clarks  Mills.. 

Stillwater  .... 
Mechanicville 
.....do 

Highway  and 
electric  rail- 
way. 

Highway 

1 

—do-.. 
...-do-.. 

66,504 
64,800 

4054 
4«1H 

Railway  

Highway  . 

2 

..--do... 
.  —  do.-. 

191,09;} 

4721 

do 

---.do.-. 

16. 6.50 

5051 
6116 

Waterford.... 

Troy  (Twelth 

street). 
Clarks  MiUs.. 

Total  coet. 

Highway  and 
electric  rail- 

..rio 

2 

2 

1 

...-do--. 

..-do... 
Fixed- 

120. 774 
138,536 

37.57 

Highway  and 
electric  rail- 
way.a 

3       m) 

19,330 

2,042,355 

1,881,061 

a  Bridife  not  over  canal. 


Highway  bridges 

Single  track  railway  bridges. - 
Double-tra<;k  railway  bridges. 


Feet  clear  opening. 

22 

14 

26 
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RIGHT   OF   WAY. 

Without  specifying  in  detail,  the  right  of  wa}'  estimated  is  intended 
to  be  sufficient  for  the  prism  of  the  channel  and  for  si)oi]ing  the  mate- 
rial excavated  by  any  method  that  is  suitable  for  the  work.  Through 
towns  it  is  narrowed  up  to  small  limits,  but  in  the  farming  districts  a 
generous  width  is  provided. 

The  estimates  of  quantities  and  cost  of  all  work,  including  right  of 
way,  are  given  in  Tables  Nos.  18  and  19. 

Table  No.  18. — Champlain  route,  Hudaon  River  division, 
[Estimate,  30-foot  channel.] 


Lake  Champlain  {station  0  to  station  1957). 

Excavation: 

Earth,  wet cubic  yards. 

Rock,  quartzite,  dry do... 

Rock,  quartzite,  wet do... 

Rock,  shale,  wet do... 

Right  of  way: 

village  property acres. 

Farm  property do... 

Railroad  changes. 

Bridge number. 


Total. 


M'liitvhall  to  Fort  Edward  {station  19'i7  to  station  S197). 

Excavation: 

Earth,  dry cubic  yards. 

Rock,  dry,  quartzite do  .. 

Rock, dry, snale do... 

Retaining  walls,  etc. : 

Retaining  wall do  .. 

Slope  wall - square  yards. 

Back  fill cubic  yards. 

Timber  cribs: 

Pine feet  B.  M. 

Hemlock do... 

Oak do... 

Iron. pounds. 

Stone  fill cubic  yards. 

Right  of  way: 

Village  property acres. 

Farm  property do... 

Railroad  changes 

Bridges number. 

Entrance  of  streams 

Gates  for  by-pass 

Lock  No.  6 

Operating  machinery 


Total. 


Hxidson  River  {station  3197  to  station  523B). 

Excavation : 

Earth,  dry cubic  yards. 

Earth,  wet do... 

Rock,  dry do... 

Rock,  wet -- - do... 

Walls,  etc: 

Retaining  walls do... 

Slope  walls square  yards . 

Back  flu cubic  yards. 

Crib  walls: 

Pine feetB.M. 

Hemlock do... 

Oak do... 

Iron pounds. 

Stone  fill cubic  yards. 

a  Per  1,000  feet. 


Quantity,     ^ost.per 


79,8;}9,083 
6,569,003 
2,179,083 

93,865 
506,290 
353,970 

932,865 

3.973,940 

53.280 

423,582 

65,620 

477 
5,594 


12 


.15 
.75 
.60 

4.00 

1.10 

.25 

a  30. 00 

a  2:3.  Of) 

a  50. 00 

.03 

.60 


14,027,058 

25,355,910 

7,197,489 

19,350,931 

159,619 
380,155 
659,934 

6,564,270 

9,440,730 

270.640 

1,373,766 

202,008 


.15 

.20 

.60 

2.00 

4.50 

1.45 

.25 

a30.00 

a23.00 

a50.00 

.03 

.60 


Total. 


$5,720,081 
306. 798 
114,958 
52,200 

3:3,000 

5,  aw 

61,500 
174,676 


6, 474. 263 


11.97.5,862 
4,926,7.'>3 
1,307,4.50 

37.5.460 
556,919 
88,493 


91.401 

2.664 

12. 707 

39,372 

782,  .500 

559.400 

6:3,000 

1,125,7:^6 

.55.010 

52,115 

777,  T99 

100,000 


22,920,626 


2,104.059 

5.071, 1S2 

4. 318. 493 

38,701,862 

718,286 
551,325 
164,984 

196,928 

217.137 

13.532 

41.213 

121,205 
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Tabi-F,  No.  18. — Champhiin  route,  Hmhon  Rin'r  (Jirision — roiitiim-T. 


Vc.i.l.l.i>. 

unit. 

1   '■IHI. 

JIutlxnii  h'irt-r  [sltitimi  .'.f.i:  hi  sr 

Right  of  way: 

Village  pr(>i)erty 

mnii  .  .' ;.  1     1  onruiui'd. 

1H5     

5,209    

8 

Si  ■?.»:  71  iO 

Farm  property 

Bridges 

do.... 

twit),  7llO 
711  'M.i 

Dams  No8.  li.  7. 8, 10 . 

4 

6 

i:iit  "(tW 

Locks  

t>  im  :?.<♦> 

Operating  machinery 

timi.  IHNJ 

Entrance  of  Hudson 

IIH,  IStj 

Steam  ferry 

1 

20  000 

Total 

61,975,499 

SUMMARY. 

Lake  Cham  plain $«,474,3fi3 

Whitehall  to  Fort  Edward .' 22.920.ti36 

Hudson  River 61 ,  97.").  4!t9 


T.\BLE  No.  10. — Champlaiu  route,  Hudson  Rii'er  division. 
[Estimate,  21-foot  channel.] 


Ijtke  Chdniphiiii  ixfnfiiin  I)  fn  xtiitio))  tU.'>7). 

Excavation: 

Earth,  wet ...cubic-  yard.s 

Rock,  quartzite,  dry , do... 

Rock,  quartzite,  wet do... 

Right  of  way: 

Village  property acres. 

Farm  ])roperty do... 

Railroad  changes 

Bridge number. 


Total. 


Whitehall  t<>  Fort  Edward  (station  19r,7  to  station  S197). 

Excavation: 

Earth,  dry cubic  yards. 

Rock,  dry,  quartzite do... 

Rock,  dry, shale do... 

Walls,  etc.: 

Retaining  wall do... 

Slope  wall square  yards. 

Bai'k  fill cubic  yards. 

Timber  crib: 

Pine feetB.  M. 

Hemlock do... 

Oak do... 

Iron pounds . 

Stone  fill cubic  yards. 

Right  of  way: 

Village  property acres. 

Farm  property do... 

Railroad  changes 

Bridges  number. 

Entrance  of  streams 

Gates  for  by-pass 

Lock  No.  t> 

Operating  machinery 


Total. 


Hudsot)  h'l 


„/r.».-,T,  •;;3r,). 


Excavation : 

Fiarth,  dry cubic  yards. 

Earth,  wet do... 

Rock,  dry do  . 

P-L-  «-et <.\n 

aPerl,000foet. 


Costper       T-       I 
•unit.  ^°^'^'- 


$2,279,928 

251.037 

3.50  !     27,988 


68,780,484 
4.74.3,531 
1,220,480 

63,103 
54«5,849 

221,877 

94:i.  42;") 
3,(lfi0.!S8O 

ra. 280 

337,557 
50,515 

477 
5,594 


13 


.15 
.75 
.60 

4.00 
1.10 


u:jo.U) 

((2:$.  00 

((50.00 

.08 

.60 


10,317,073 
3,  .5.57, 648 

248. 408 

•a»l..>u 

.V).  469 

28,;}l« 
69.(«) 
2.  tKH 
10. 127 
3<»,;jil9 

782.  ."lOO 
559.400 

tVi.OdO 

1.1  "IS.  276 

;V).l)ll) 

4^5.  :JS5 

ira.  1 16 

100.  IXW 


18,717.530 


10,722,8;J5 
18,0CS,672 
4.650.4^ 
'■'   v«4.104 


.15 
.30 

.60 


i.'»'^  *:i) 
3,6m.7:H 
3.790,293 

•V  >;S8,3US 
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Table  No.  10. — Champlain  route,  Hudson  River  division — Coutinued. 


Hudson  Mil 


^tafi 


.!]:i7  to  station  ,'iS.t')—Contm\ie(l. 


Walls  etc. : 

Retaining  walls cubic  yards. 

Slope  walls square  yards. 

Back  fill cubic  yards. 

Crib  walls: 

Pine feetB.  M. 

Hemlock do  .. 

Oak do  .. 

Iron pounds. 

Stone  fill cubic  yards 

Right  of  way: 

Village  property acres. 

Farm  property do... 

Bridges 

Dams- 


Locks  -- 

Operating  machinery. 
Entrance  of  Hudson  . . 
Steam  ferry 


Total. 


Quantity. 


a  Per  1,000  feet. 
SUMMARY. 


(51.140 
4*»8,,555 
367,788 

6, 463, 670 
9,116,940 

266,320 
],3;!2,6.56 

195,036 

18.5 

5.3fl9 

8 

4 

6 


Cost  per 
unit. 


4.  .50 
1.45 


aSO.OO 

a  23. 00 

a  50. 00 

.03 

.60 


Total. 


275, 130 
679. 405 
91,947 

193,910 
209,690 
13, 316 
39, 9.S0 
117,032 

l,397,70(i 
im.  700 
7(X),991 
139.568 

3, 843.  H!t9 

(MKI.IHN) 

118.186 

2(t.OOO 


41,769,104 


Lake  Champlain 

Whitehall  to  Port  Edward. 
Hudson  River 


T(.tHl 


$2,aS.3.177 
18,  717,  .5:10 
41,769,104 

63,319,811 


FLOOD-DISCHARGE 


MEASUREMENTS     OE     THE     UPPER    MOHAWK    AND 
OTHER   STREAMS. 


In  accordance  with  your  instructions,  on  March  1,  2,  and  3,  1898,  I 
made  a  reconnoissance  of  the  Mohawk  River  and  tributaries  from 
Rome  to  Little  Falls,  and  of  Fish  Creek  from  LakeX)neida  to  Taberg, 
with  the  view  of  determining  at  what  points  approximate  flood  meas- 
urements could  be  easily  and  cheaply  made  during  the  spring  of  1898. 
The  time  allowed  to  prepare  for  and  take  the  observations  precluded 
the  use  of  current  meters  and  similar  methods  for  determining  the 
velocity  of  the  current. 

As  a  result  of  this  preliminary  study  it  was  decided  to  take  the 
measurements  at  points  and  by  methods  as  follows: 

1.  The  Mohawk  River  at  Little  Falls.  A  masonry  dam,  locally 
known  as  the  "Middle  dam,"  exists  across  the  river.  It  is  about  10 
feet  high,  and  all  the  water  not  used  by  the  mills  passes  over  its  crest. 
By  measuring  the  depth  of  water  flowing  over  it  and  ad(^ing  to  this 
the  amount  of  water  used  by  the  mills  the  total  flow  could  be  com- 
puted at  this  point. 

-.  The  West  Canada  Creek  at  Herkimer.  About  2  miles  above 
Herkimer  a  timber  and  rock  fill  dam  exists  across  the  stream,  and  it 
was  decided  to  use  the  depth  of  flow  over  it  for  computing  the  dis- 
charge of  the  stream,  but  later  it  was  found  tliat  the  dam  farther  up 
the  stream,  at  Middleville,  was  better  adapted  for  the  purpose  and  it 
was  used  instead  of  the  one  at  Herkimer. 


DEKP    WATERWAYH.  391 

3.  The  Sauquoit  Creek,  which  empties  into  the  Mohawk  at  New 
Hartford  about  2  miles  above  Utica.  At  this  point  the  measurements 
were  made  over  the  <lam,  as  at  Litth^  Falls. 

4.  The  Oriskany  Creek,  which  empties  ijitotlx'  Moliawk  at  Oriskai.y. 
A  dam  was  used  at  this  place  also. 

5.  Nine-Mile  Creek,  which  empties  into  the  Mohawk  opposite  and 
above  Oriskany.     A  dam  was  used  at  this  place. 

0.  The  Mohawk  River  at  Rome.  Near  the  city  is  a  masonry  dam, 
but  at  times  of  high  water  it  is  drowned  out  and  evidently  could  not 
be  utilized.  About  2  miles  above  Rome,  at  Ridge  Mills,  a  suitable 
dam  was  found  over  which  the  greater  part  of  the  flood  waters  passed, 
and  the  rest  flowed  through  two  ojjenings  under  highway  liridges. 
This  point  was  selected  for  making  the  measurements  of  flow  in  the 
Mohawk  at  Rome. 

7.  Fish  Creek  and  Wood  Creek,  which  empty  into  Lake  Oneida  at 
Sylvan  Beach.  No  dams  exist  across  either  of  these  streams  over 
which  the  flow  could  be  measured.  VV^ood  Creek  is  a  sluggish  stream, 
winding  through  a  low,  flat  swamp,  and  at  no  place  are  the  banks 
high  enough  to  hold  the  waters  within  the  prism  of  the  stream,  and 
no  measurements  of  it  were  undertaken.  Just  below  the  junction  of 
the  east  branch  and  the  west  branch  of  Fish  Creek  is  the  only  place 
between  this  point  and  Lake  Oneida  wiiere  the  ordinary  floods  are 
confined  within  the  banks  of  the  stream,  and  the  extreme  floods  spread 
over  the  bottom  lands  here.  This  is  about  1  mile  below  the  town  of 
Taberg,  and  about  9  miles  above  the  outlet  of  the  stream.  This  point 
was  selected  for  making  the  measurements,  and  the  velocity  of  the 
current  was  determined  by  the  use  of  rod  floats. 

The  various  members  of  the  party  arrived  at  Rome  from  the  Niagara 
routes  on  March  8,  9,  and  10,  and  were  placed  as  follows: 

Little  Falls,  George  F.  Anderson;  West  Canada  Creek,  J*.  II.  Ash- 
mead  and  Curtis  Hill;  Sauquoit  Creek,  J.  W.  Jenkins;  Oriskany 
Creek,  H.  H.  Lotter;  Mohawk  River  at  Ridge  Mills,  H.  F.  Dose  and 
M.  W.  Tenny;  Nine-Mile  Creek,  R.  McD.  (ieraty:  Fish  (reek,  H.  C. 
Goodrich  and  A.  A.  Conger. 

The  warm  weather  existing  at  this  time  caused  the  snow  to  melt 
rapidly,  with  the  result  that  the  maximum  flood  stage  in  the  streams 
was  reached  March  12.  Rains  on  that  night  prolonged  but  did  not 
increase  the  flood  period  to  the  14th,  which  gave  ample  time  to  gage 
the  depth  of  water  flowing  over  the  dams.  The  ^surveys  of  the  various 
dams  were  made  after  the  waters  receded.  The  floods  of  the  Mohawk, 
West  Canada  Creek,  Nine-Mile  Creek,  and  Fish  Creek  were  the  high- 
est which  had  occurred  for  several  years,  but  were  probably  considei-- 
ably  less  than  the  maximum  which  has  occurred;  while  the  flow  in 
Oriskany  Creek  and  in  the  Sauquoit  Creek  was  much  below  the  ordi- 
nary spring  floods. 

The  middle  dam  at  Little  Falls  was  built  in  1S92,  and  this  Hood  was 
the  greatest  wliich  has  ofcuiTed  sijico  rhe  dam  was  built. 


392  DEEP    WATERWAYS. 

The  discharge  of  the  various  streams  was  not  finally  worked  ijp,  but 
all  notes  were  turned  over  to  the  Water  Supply  Division,  and  the 
results  are  included  in  the  report  of  Mr.  George  W.  Rafter,  Appendix 

No.  10. 

REPORT  ON  RESULTS  OF  TWO  LINES  OF  LEVELS  RUN  FROM  THE 
GREENBUSH  BENCH  MARK  (OPPOSITE  ALBANY,  N.  Y.)  TO  LAKE 
ONTARIO. 

These  two  lines  of  levels  were  run  by  six  different  parties  and  the 
results  of  the  work  are  set  forth  in  this  report. 

The  first  line  considered  starts  at  the  Lake  Survey  bench  niaik  at 
Greenbush,  N.  Y.,  with  elevation  14.73  f eet  ^  above  mean  tide  at  Xew 
York,  and  runs  up  tlie  Hudson  River  to  the  mouth  of  the  Mohawk 
River  and  follows  the  vallej'  of  the  Moliawk  to  Rome.  From  liome 
it  runs  to  Lake  Oneida  and  down  the  valleys  of  the  Oneida  and  Oswego 
rivers  to  the  Lake  Survey  bench  mark  A  at  Oswego,  N.  Y. 

The  other  line  runs  from  the  Greenbush  bencli  mark,  elevation  14. 73, 
up  the  Hudson  River  to  Fort  P2dward,  and  tlien  crosses  the  divide  to 
Whitehall,  at  the  head  of  Lake  Champlain,  and  then  continues  down  the 
shore  of  the  lake  to  the  Crown  Point  light-house.  From  this  point  to 
Cooporville,  near  Rouse  Point,  the  levels  are  transferred  by  water 
levels.  From  Cooperville  to  Cape  Vincent,  at  the  foot  of  Lake 
Ontario,  the  levels  were  run  with  wye  levels  and  precise  levels. 

The  two  lines  were  connected  through  Lake  Ontario  by  water  levels, 
using  Oswego  and  Cape  Vincent  as  tlie  points  for  making  gauge 
readings. 

OSWEGO-MOHAWK   ROUTE. 

All  levels  on  this  line  were  run  with  Buff  &  Berger  wye  levels  in 
opposite  directions,  and  the  means  of  the  two  runs  were  used  in  deter- 
mining the  elevations  of  the  bencli  marks.  The  line  was  run  by  three 
separate  parties  and  the  work  of  each  will  be  considered  in  regular 
order,  beginning  at  Greenbusli  and  ending  at  Oswego,  on  Lake 
Ontario. 

First.  In  August,  1898,  levels  were  run,  under  tlie  direction  of  II.  F, 
Dose,  assistant  engineer,  from  bench  mark  1,  at  Troy,  N.  Y.,  elevation 
21.85  feet,  to  the  bench  mark  on  gristmill  at  Greenbush,  making 
its  elevation  14.50  feet,  or  0.23  foot  lower  than  the  adopted  elevation 
of  14.73  feet  for  this  bench  mark.  Therefore  we  have  21.85  +  0.23  = 
22.08,  which  is  the  elevation  of  bench  mark  1,  at  Troy,  corresponding 
to  elevation  14.73  of  the  Greenbush  bench  mark. 

Second.  In  October,  1897,  levels  were  run,  under  the  direction  of 
D.  J.  Howell,  assistant  engineer,  from  United  States  Lake  Survey  bench 
mark  G,  elevation  49.69,  on  lock  No.  4  of  Erie  Canal,  to  bencli  mark  1, 


^  See  pages  70  and  71,  Report  of  United  States  Deep  Waterways  Commission,  1896. 
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ou  Congress  Sti-eet  Jirid^t-,  at  Tioy.  'J'li*.-  «4fVHtion  of  IkmicIi  mark.  1 
thus  established  was  21.85.  Hut  the  elevation  of  this  beneh  mark, 
as  determined  by  Mr.  Dose,  starting  with  elevation  of  14.7:3  of  the 
Greenbush  beneh  mark,  is  22.084,  a  diffeieneeof  0.23  foot.  Since  the 
levels  were  not  run  connecting  bench  mark  1  with  the  Greenbush 
bench  mark  until  August,  18!)8,  Mr.  Howell  continued  his  levels  from 
bench  mark  1  (using  elevation  21.85)  up  the  Mohawk  Valley  to  bench 
mark  88,  at  Herkimer,  N.  Y.,  making  its  elevation  389.18  feet.  There- 
fore we  have  380. 18+0. 23  ==380.41  feet  for  the  elevation  of  bench  mark 
88,  corresponding  to  elevation  14.73  of  the  Greenbush  bench  mark. 
This  line  of  levels  was  run  in  connection  with  the  topographic  survey, 
and  was  completed  in  October,  1898. 

Third.  A  line  of  levels  was  run  in  connection  with  the  topographic 
survey,  under  the  direction  of  A.  J.  Himes,  assistant  engineer,  from 
United  States  Lake  Survey  bench  mark  A,  at  Oswego,  to  bench  nmrk 
88,  at  Herkimer.  It  was  begun  in  October,  1897,  and  completed  in 
July,  1898.  Starting  with  elevation  251.96  of  bench  mark  A,  an  ele- 
vation of  388.52  was  obtained  for  bench  mark  88.  But,  as  stated  above, 
the  elevation  of  bench  nmrk  88,  referred  to  14.73  of  the  Greenbush 
bench  mark,  is  389.408  feet,  a  difference  of  0.89  foot.  Therefore  we 
have  251.90-fO.S9  •2r,-2.Sr>  for  the  elevation  of  l)ench  mark  A  at 
Oswego. 

Using  elevation  251.96  for  bench  mark  A,  United  States  Assistant 
Engineer  Churchill  has  determined  the  elevation  of  the  zero  of  the 
United  States  gauge  at  Oswego  as  244.18  feet.  Therefore  we  have 
244.18+0.889  =  245.07  for  the  elevation  of  the  zero  of  this  gauge  re- 
ferred to  14.73  of  the  Greenbush  bench  mark.  Readings  of  the  water 
surface  were  taken  at  7  a.  m.,  12  noon,  and  G  p.  m.  on  this  gauge  from 
July  27,  1898,  to  August  G,  1898,  both  inclusive.  Jhere  were  no  great 
fluctuations  during  the  period,  the  extreme  at  Oswego  being  from 
1.47  to  1.60  feet.  A  mean  of  all  of  these  readings  gives  the  water 
surface  as  1.53  feet  above  the  zero  of  the  gauge,  or  elevation  246.60 
feet. 

CHA.VIPI.AIX    ROUTE. 

The  levels  on  this  route  were  iiin  by  several  different  parties  using 
different  methods,  and  will  be  considered  in  regular  order  from  Troy, 
N.  Y.,  to  Lake  Ontario. 

First.  Wye  levels  from  Troy,  N.  ^  .,  to  Crown  Point  light-house. 

Second.  Water  levels  from  Crown  Point  light-house  through  Lake 
Champlain  to  Kings  Bay,  at  Cooperville,  N.  Y. 

Third.  Wye  levels  from  Rouse  Point  bench  mark  y\n  Cooperville 
to  Hogansburg,  on  the  St.  Lawrence  River. 

Fourth.  Precise  levels  from  Hogansburg  to  (ape  \  iuceni,  ai  the 
foot  of  Lake  Ontario. 
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TROY   TO   CROWN    POINT   LIGHT-HOUSE. 

This  line  was  run  in  connection  with  the  topographic  survey,  under 
the  direction  of  C.  L.  Harrison,  assistant  engineer,  with  Buff  &  Berger 
wye  level  in  opposite  directions,  and  the  means  of  the  two  runs  were 
used  in  determining  the  elevations  of  the  bench  marks.  It  was  begun 
in  Maj^,  1898,  and  completed  in  September,  1898. 

Starting  at  Troy  from  bench  mark  1,  elevation  21.85,  as  noted 
above,  and  running  via  Fort  Edward  and  Whitehall  to  Crown  Point 
light-house,  bench  mark  231  was  established,  with  elevation  130.585. 
Therefore  we  have  130.5S5-fO.23--130.81o  for  tlie  elevation  of  bench 
mark  231,  corresponding  to  14.73  of  the  Greenbush  bench  mark.  Con- 
nection was  also  made  with  United  States  Coast  Survey  bench  mark 
36,  on  lock  No.  23  of  Champlain  Canal,  at  Whitehall,  making  its  ele- 
vation 104.55  feet,  and  with  United  States  Coast  Survey  bench  mark 
39,  at  Putnam  Station,  making  its  elevation  107.615. 

WATER   LEVELS  THROUGH   LAKE   CHAMPLAIX. 

The  levels  were  transferred  by  water  through  Lake  Champlain  from 
Crown  Point  light-house  to  Kings  Bay  at  Cooperville  in  January, 
1899,  at  a  time  when  the  entire  lake  was  frozen  over  from  Whitehall 
to  Rouse  Point,  excepting  about  10  miles  of  the  "broad  lake,"  near 
Burlington,  Vt.  Crown  Point  is  at  the  north  end  of  the  nari'ow  and 
shallow  part  of  the  lake,  which  extends  southward  to  AVhitehall, 
Kings  Ba}^  is  6  miles  south  of  Fort  Montgomery  and  near  the  north 
end  of  the  wide  and  deep  part  of  the  lake,  which  extends  southward 
to  Crown  Point.  These  two  points  were  selected  for  making  the 
transfer,  as  they  were  not  so  liable  to  be  affected  by  slopes  due  to 
flow  of  water  througli  the  lake  and  the  piling  up  of  water  due  to  wind 
action  as  points  situated  in  the  narrow  part  of  the  lake. 

The  transfer  of  the  levels  was  made  in  the  following  manner: 
On  the  dock  at  Crown  Point  light-house  and  on  the  bridge  pier  at 
Cooperville  index  points  were  established.  By  means  of  float  gauges 
the  distance  of  the  water  surface  below  the  index  points  was  measured 
at  ten-minute  intervals,  beginning  at  8.40  p.  ul,  January  13,  and 
ending  at  8  p.  m.,  January  15,  making  a  continuous  set  of  readings, 
covering  a  period  of  nearly  forty -eight  hours.  The  extreme  fluctua- 
tion of  the  water  surface  during  this  time  was  0.22  foot  at  Crown  Point 
gauge  and  0.21  foot  at  Cooperville  gauge.  The  index  point  of  gauge  at 
Crown  Point  was  connected  by  spirit  levels  with  the  bench  mark  on 
light-house,  and  the  index  point  of  gauge  at  Cooperville  w^as  connected 
with  bench  mark  1  on  bridge  pier.  Aneroid  barometers  were  read 
hourly  at  each  station,  but  these  readings  were  not  used  in  working 
up  the  final  results,  because  the  correction  due  to  the  difference  of 
atmospheric  pressure  at  the  two  points  was  less  than  the  probable 
error  in  the  barometers  themselves.    From  these  observations  we  have : 
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Bench  mark  on  Crown  Point  light  house i;;n.,sl"i 

Index  point  Crown  Point  gauge  - 98. 761 

Mean  distance  water  surface  below  index  point 3. 128 

Elevation  water  surface  at  Crown  Point y^.  633 

Elevation  water  surface  at  Cooperville .  95. 638 

Elevation  index  point  above  mean  water  surface 1. 075 

Elevation  index  point  of  Cooperville  gauge 07. 308 

Elevation  bench  mark  1  above  index  point 5.7W 

Elevation  bench  mark  1  at  Cooperville .- -   103.038 

If  the  barometer  correction;  0.045  foot,  be  applied,  this  elevation 
would  become  103.088,  but  it  is  neglected  for  the  reasons  given  above. 

In  August,  1898,  a  duplicate  line  of  wye  levels  was  run,  under  the 
direction  of  Frank  P.  Davis,  assistant  engineer,  from  the  Rouse  Point 
bench  mark,  using  elevati(m  IIO.OG,  as  established  by  the  Coast  Sur- 
vey in  1882,  to  Cooperville,  and  establishing  bench  mark  1,  with  ele- 
vation 104.147,  which  is  1.109  feet  higher  than  obtained  above.  We 
have,  therefore,  110.00—1.109  =  108.9.51  for  The  new  .-Ipvation  of  tlie 
Rouse  Point  bench  mark. 

The  elevation  110.00  of  the  Rouse  l\)int  bench  mark  was  transferred 
in  1882  by  water  levels  through  Lake  Champlain  from  Putnam  station 
to  Rouse  Point.  Since  the  new  determination  of  this  is  1. 109  feet  lower, 
it  might  be  w^ell  to  compare  the  gauge  readings  taken  at  Fort  Mont- 
gomery and  at  other  points  on  the  lake.  From  January  1  to  January 
15  the  gauge  readings  were  not  taken  at  Fort  Montgomery,  but  gauges 
were  read  at  Whitehall  and  at  Putnam  station  at  the  same  time  read- 
ings were  taken  at  Crown  Point  and  Cooperville — January  14  and  15. 
But  on  the  15th  the  flood  waters  (caused  by  the  rains  on  the  14th) 
from  Wood  Creek  and  the  Granville  River  increased  the  slope  in  the 
lake  from  Whitehall  to  Putnam  station  about  0.3  foot.  Taking  the 
readings  on  the  14th,  when  there  was  veiy  little  water  flowing  into 
the  lake  at  Whitehall,  we  have  the  following  results: 

Elevation  water  surface  at — 

Feet. 

Whitehall -   - .-- 96.01 

Putnam  station 95. 90 

Crown  Point.. - 95.68 

showing  a  slope  of  0.11  foot  from  Whitehall  to  Putnam  station  and 
0.22  foot  from  Putnam  station  to  Crown  Point.  The  gauge  at  White- 
hall was  set  from  bench  mark  36,  elevation  104.55,  and  the  gauge  at 
Putnam  was  set  from  ben<'li  mark  39,  elevation  107.015.  The  eleva- 
tions of  these  benches  as  determined  by  the  Coast  Survey  are:  No. 
36,  104.71  feet,  and  No.  39,  108.40  feet.  If  these  elevations  had  been 
used  in  setting  the  gauges,  then  we  would  have  had: 

Water  surface  at — 

Feet. 

"Whitehall _ -.    -- '.tO.  IT 

Putnam  station 90.745 
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making  a  fall  in  the  water  surface  from  Putnam  station  to  Whitehall 
of  0.575  foot.  This  is  impossible,  as  the  direction  of  the  flow  is  from 
Whitehall  toward  Putnam  station. 

The  difference,  then,  of  1.109  feet  between  this  (108.951)  and  the 
former  (110.06)  determination  of  the  Rouse  Point  bench  mark  seems 
to  be  distributed  as  follows: 

Difference  in  levels — 

Feet. 

Greenbush to  Whitehall 0.160 

Whitehall  to  Putnam  station _ .    . , 685 

Slope  in  lake  from  Putnam  to  Crown  Point 220 

Transferring  levels  across  lake 044 

Total -. _-_ 1.109 

During  the  progress  of  the  surveys  gauges  were  established  and 
read  at  Crown  Point  village,  about  6  miles  soutli<if  Crown  Point  liglit- 
house,  and  at  Whitehall  for  short  periods. 

In  May,  1899,  Frank  P.  Davis,  assistant  engineer,  ran  a  checked 
line  of  levels  from  Rouse  Point  bench  mark,  108.951,  to  the  United 
States  engineers' gauge  at  Fort  Montgomery,  determining  the  elevation 
of  its  zero  as  93.50  feet.  Reducing  tlie  readings  of  this  gauge  to  ele- 
vations for  periods  at  which  we  have  readings  at  other  points  in  the 
lake,  we  have: 


Date. 

Mean  water  surface. 

From— 

To- 

Crown 
Point 
village. 

White- 
hall. 

Fort 
Mont- 
gomery. 

Diflfer- 
ence. 

Sept.  13, 1898 

Oct.  20, 1898 

94.77 


94.68             0.09 

Dec.  3,  1898 

Dec.  21,  1898 

Jan.  2;,  1899 

95.68 

ft").  34               .34 

Jan.  16, 1899 

96.10          9.5.68  1              .42 

The  readings  September  13  to  October  20  were  taken  when  the  lake 
was  open  and  affected  more  or  less  by  the  winds,  those  in  December 
when  the  lake  was  partially  frozen  over,  and  those  in  January  when 
the  lake  was  almost  entirely  frozen  over.  The  slope  observed  Janu- 
ary 14, 1899,  at  low  water,  when  the  lake  was  frozen  over  from  White- 
hall to  Crown  Point,  was  0.33  foot.  If  this  be  applied,  we  have  0.09 
foot  for  the  slope  from  Crown  Point  light-house  to  Fort  Montgomery. 
These  gauge  readings  indicate  that  there  can  be  no  substantial  error 
in  the  levels  from  Whitehall  to  the  Rouse  Point  bench  mark.  If  the 
old  elevations  of  the  bench  marks  at  Whitehall  and  Rouse  Point  were 
used  to  determine  the  water  surface  at  these  points,  there  would  be  a 
slope  at  low  water  of  about  0. 53  foot  from  Fort  Montgomery  to  White- 
hall, which  is  impossible,  since  the  flow  is  from  Whitehall  toward  Fort 
Montgomery. 

COOPERVILLE  TO   HOGANSBURG. 

This  line  was  run  iu  connection  with  the  topographic  survey  under 
the  direction  of  Frank  P.  Davis,  assistant  engineer,  with  Buff  &  Berger 
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wye  levol,  from  boiicli  iiiai"k  1,  elovalion  iu4. 147,  at  C"<)<)p«M-vill<',  via 
Cliamplaiii  and  ValleyfioUl  to  United  States  permanent  bench  mark  P, 
on  Catholic  church  at  Ploganslnirg,  makinjj;  its  elevation  180.31^2.  But 
since  the  elevation  used  of  bench  mark  1  was  1.100  feet  too  high,  we 
have  180.39:3 — 1.109  =  179.283  for  the  elevation  of  permanent  bench 
mark  P,  at  Ilogansburg.  These  levels  were  begun  in  August,  1898, 
and  completed  in  October,  1898. 

HOOANSBURO  TO   CAPE  VINCENT. 

This  is  a  duplicate  line  of  precise  levels  run  in  the  fall  of  1898  and 
the  spring  of  1899  by  D.  A.  Molitor,  United  States  assistant  engineer, 
using  a  Buff  &  Berger  precise  h^vel.  Starting  at  United  States  per- 
manent bench  mark  P,  at  Hogansburg,  elevation  179.283,  and  running 
along  the  St.  Lawrence  River  to  Cape  Vincent,  the  zero  of  the  gauge 
at  that  point  was  determined  as  248.803.  This  gauge  was  read  every 
ten  minutes  from  t'»  a.  m.  to  (i  p.  m.  July  27  to  August  0,  1898,  and 
the  mean  of  the  readings  for  this  time  was  2.318  feet  below  the  zero 
of  the  gauge.  Therefore  we  have  248.803  —  2.318  =  246.485  for  the 
elevation  of  the  mean  water  surface  in  Lake  Ontario  at  Cape  Vincent 
July  27  to  August  6,  1898,  which  is  0.114  foot  lower  than  as  deter- 
mined for  the  same  dates  at  Oswego  via  the  Mohawk  route. 

Notable  elevations,  infe-et,  above  mean  tide  at  Netv  York. 


Oswego-Mohawk  route. 

Feet. 

Champlain  route. 

14.730 

22.084 

:J89. 408 

252.  mi 

;M.5.U«9 

246. 5«» 

Greenbnsh  beuch  mark 

14.730 

Troy  tjench  mark  1 

Whitehall  bench  mark  *i    

22.084 

IW.oSO 

Putnam  station  bench  mark 'SI 

Zero  of  Fort  Montgomery  yauge 

Rouse  Point  bench  mark  on  Chapman 
Block 

Cooper ville  bench  mark  1 

107. 615 

93.500 

Oswego  mean  water  surface  July  27 
to  August  0, 1898 

108.951 

103.038 

Hc^ansburg  permanent  bench  mark  P. 
Cape  Vincent  zero  of  gauge 

179.283 
248.808 

Cape    Vincent    mean    water    surface 
July  27  to  August  6,  189b 

246.485 

Assuming  that  the  mean  water  surface  in  Lake  Ontario  was  level 
from  July  27  to  August  6,  1898,  we  w^ould  then  have  246.599  —  24(5.485 
-^0.114  for  the  error  of  closure  for  the  two  lines  of  levels. 

The  lengths  of  the  several  lines,  measured  along  the  course  actually 
traversed  in  this  circuit,  are  as  follows: 

Miles. 

Benchmark  I ,  at  Troy,  to  Crown  Point  (wye  levels) 103.8 

Crown  Point  to  Cooperville  (water  levels). 64 

Cooperville  to  Hogansburg  (wye  levels). - -     78.5 

Hogansburg  to  Cape  Vincent  (precise  levels) .....  118.  8 

Cape  Vincent  to  Oswego  ( water  levels) 47 

Oswego  to  Herkimer  (wye  levels) Ub.  .j 

Herkimer  to  bench  mark  1 ,  at  Troy  (wye  levels) 89. 2 

Total - 598.8 
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Miles. 

Total  wye  levels  369.5 

Total  precise  levels --.   118. 3 

Total  water  levels Ill 

Total -- ..  598.8 

The  distance,  7  miles,  from  bencli  mark  1,  at  Troy,  to  the  Greeiibush 
bench  mark  is  common  to  both  lines. 
Respectfully  submitted. 

C.  L.  Harrison, 
Principal  Assistant  Engineer. 
The  Board  of  Engineers  on  Deep  Waterways. 


Appendix  No.  11. 

CHAMPLAIN  ROUTE,  ST.  LAWRENCE  DIVISION. 

Detroit,  Mich.,  September  30,  1899. 

Gentlemen:  I  respectfully  submit  herewith  the  following  report 
on  surveys  of  the  St.  Lawrence  River  from  Ogdensburg  to  Lake  St. 
Francis,  and  estimates  of  the  cost  of  constructing  a  ship  canal  of  21 
and  30  feet  depth. 

A  field  party  was  organized  and  reported  for  duty  at  Ogdensburg, 
N.  Y.,  August  11,  1898.  The  base  line  and  stadia  field  work  were 
commenced  on  the  17th  and  soundings  on  the  22d.  The  boring  party 
was  equipped  with  a  Sullivan  boring  machine  for  work  on  either  land 
or  water,  and  began  work  on  the  river  September  1. 

Topography  was  practically  completed  December  3,  soundings 
December  14,  and  borings  were  discontinued  December  20,  1898. 
Four  land  parties  and  one  river  party  resumed  borings  April  11, 
1899.  The  required  field  work  was  completed  June  20,  1899.  A  small 
ofBce  force  has  been  engaged  on  mapping,  computations,  and  esti- 
mates up  to  September  20,  1899. 

The  field  work  was  done  in  accordance  with  the  general  instructions 
to  field  parties.  Appendix  No.  9. 

The  field  work  has  required  an  aggregate  of  1,031  days'  work  by 
instrument  men,  recorders,  and  rodsmen,  681  days'  work  by  stadia  men 
and  foremen,  276  days'  work  by  teams  with  drivers,  and  2,046  days' 
work  by  laborers.  The  oflice  work  has  required  1,028  days'  work  by 
draftsmen  and  computers. 

The  principal  items  of  topographical  work  were  39  miles  of  base 
line;  103.6  miles  of  stadia  circuits;  exclusive  of  side  lines  and  such 
portions  of  base  line  as  were  included  in  the  circuits;  considerable 
work  on  levels  which  were  dependent  upon  the  bench  marks  estab- 
lished by  Mr.  David  Molitor,  United  States  assistant  engineer,  and 
which  have  not  been  reduced  to  miles  run;  about  20,900  soundings; 
148  borings  on  land,  aggregating  7,052  linear  feet,  of  which  65  reached 
rock,  and  151  borings  on  water,  aggregating  2,123  linear  feet,  of  which 
94  reached  rock. 
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Surveys  were  not  cariUMl  ovfr  .such  portion.^  of  t  hf  riv«r  a.s  were 
shown  on  existini?  cha^t^s  to  have  a  suffieient  (h^pth  of  navigable  water. 
In  Lake  St.  Francis  estimates  are  ])ase(l  on  data  shown  on  existing 
charts  and  on  soundings  furnished  by  Mr.  Tom  S.  Riibid}j:e,  superin- 
tending engineer  of  the  St.  Lawrence  district,  Cornwall,  Ontario. 

HIGH   AND    LOW   STAGES   OF   THE    RIVER. 

In  order  to  determine  the  relations  of  fluctuations  in  the  river  with 
fluctuations  in  lake,  and  high  and  low  water  stages,  a  comparison  of 
three  points  in  the  river  is  made  with  the  three  highest  and  three  low- 
est stages  of  the  lake  at  Oswego  between  the  years  1865  and  1898. 
The  points  selected  in  the  river  are  the  head  of  the  Galops  Rapids  at 
Lock  No.  27,  the  head  of  Lake  St.  Francis  at  Lock  No.  15,  and  the 
foot  of  Lake  St.  Francis  at  Lock  No.  14.  Gauge  readings  for  Lock  No. 
27  during  the  year  1870  are  not  available ;  also  gauge  readings  for  Lock 
No.  15  are  omitted  during  the  first  four  months  of  the  year  on  account 
of  the  effects  of  ice  jams.  The  mean  reading  for  the  year  and  for  the 
period  of  navigation,  May  to  November,  inclusive,  are  given. 

Table  No.  1. — Tabulation  of  gauge  readings  for  the  three  years. 
HIGHEST  ANNUAL  MEAN  GAUGE  READINGS  SINCE  186.5. 


Oswego. 

Lock  No.  27. 

Lock  No. 

15. 

Lock  No.  14. 

1870. 

1884. 

1886. 

1884. 

1886. 

1870. 

1884. 

1886. 

1870. 

1884. 

1886. 

Feet. 
3.14 
3.29 
3.29 
4.23 
4.83 
4.  .51 
4.19 
3.85 
3.16 
2.83 
2.2<) 
2.01 

Feet. 
2.39 
2.76 
3.44 
4.05 
4.07 
3.97 
3.76 
3.  .53 
3.10 
2.«« 
2.18 
2.03 

Feet. 
3.48 
3.55 
3.69 
4.31 
4.52 
4.32 
3.92 
3.48 
3.12 
2.83 
2.39 
2.:» 

Feet. 
9.18 
9.62 
10.33 
11. 51 
11.78 
11.66 
11.66 
11  ;J9 
11.01 
10.  .54 
10.  •£) 
10.00 

Feet. 
11.01 
10.95 
10.87 
11.83 
12.;36 
12. 13 
11.70 
ll.;33 
10.98 
10.62 
10.49 
10.20 

Feet. 

Feet. 

Feet. 

Feet. 
12.8;} 
12.98 
12.  .36 
13. 31 
13.42 
13.28 
13. 17 
12.94 
12.54 
12.44 
12.28 
12.19 

Feet. 
12.11 
12. 13 
12. 58 
13. 22 

12.88 
12. 82 
12.41 
12.44 
12.11 
11.86 
11.98 

Feet. 
13.  SJ 

13. 08 

March  

12.34 

April 

May                 

13  46 

12.43 
12.11 

11.96 
11.65 
11.15 
10.  .58 
10.05 
11.01 

11.78 
11.57 
11.57 
11.35 
10.99 

lo.eij 

10.36 
11.65 

12.14 
11.97 
11.69 
11.32 
11.05 
-10.73 
10.64 
11.49 

13  18 

June 

July 

August 

13. 10 
12. 82 
12. 57 
12.15 

October     

12.20 

November 

12.12 

D«ceml>«r 

12. ;» 

Mean  readings . 

Mean  readings, 
May-Novem- 
ber   

3.47 
3.66 

3.16 
3.33 

3.49 
3.51 

10.74 
11.18 

11.21 
11.37 

12.81 
12.87 

12.48 
12.54 

12.73 

11.42 

11.16 

11.36 

12.59 

LOWEST  ANNUAL  MEAN  GAUGE  READINGS  SINCE  1865. 

Oswego. 

Lock  No.  27. 

Lock  No.  15. 

Lock  No.  14. 

180&. 

1896. 

18»7. 

1895. 

1896.  1 1897. 

1885. 

1896. 

1897. 

1886. 

1886. 

1897. 

Feet. 
.37 
.31 

Feet. 
-.32 

+  .90 

Feet. 
—.24 
-.30 
+.20 
.84 
1.2« 

Feet. 
8.02 
7.19 
7.46 
8.50 

8.8;j 

8.67 
8.37 
8.20 
7.98 
7.63 
7.42 
7.45 

1 
Feet.  Feet. 
7.65  i  7.78 
7.80  :  7.61 
7. 70  i  8. 11 
8.93     8.94 
9.;12  ;  9.21 
9.14  :  9.58 
9.03  ;  9.  .50 
8.88  !  9.48 
8.40     8.93 
8. 19     8.  Hi 
8. 08     8. 16 

Feet. 

Feet. 

Feet. 

Feet. 
11.50 
10.57 
10.68 
11.95 
11.46 
11.28 
10.96 
10.98 
10.  .54 
10.39 
10. 17 
10.47 

Feet. 
11.21 
11.18 
10.  <» 
11.96 
11.88 
11.44 
11.25 
11.12 
10.77 
10.44 
10.44 

Feet. 
10.47 

February 

10  35 

March                     . 

.21       .37 
.76i  1.30 
.88     1.31 

10  78 

11.58 

Mav    

9.66 
9.53 
9.23 

9.83 
9.7;} 
9.5ti 

9.89 
9.92 
9.91 
9.90 
9.38 
8.94 
8.86 
9.17 

11.6;$ 

.June 

Julv 

.76 
.47 

+.22 
-.12 
-.46 
-.71 
-.68 

1.22     1.50 
.96     1.49 

11.65 
11.. 52 

August 

.82 

.34 

+  .11 

-.15 

-.15 

1.48 
.98 
.35 
.29 
.35 

9. 17     9. 4:} 

11.38 

September 

8.80 
8.  .54 
8.37 
8.83 

9.(li 
8.78 
8.77 
9.32 

11.09 

10.68 

10.68 

December 

7.91 

8.23 

10.  .51  1  10  9lt 

'    '" 

Mean  readings.. 

Mean  readings. 
May  -  Novem- 
ber   

.17 

1.'. 

.50 

.68 

1    iV, 

7.96 

8.42 

8.66 

0  m 

10.91 
10.8:1 

11.07 

11  ifi 

11.06 

»  iH 

9.81 

9.54 

1 1  'Kt 
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Takinti^  the  difference  between  the  hij^chest  and  lowest  mean  monthly 
readings  gives  a  fluctuation  of  Lake  Ontario  at  Oswego  of  5.54  feet. 
The  mouths  taken  are  May,  1870,4.83  feet,  and  November,  1895,  —0.71. 
The  fluctuation  in  the  St.  Lawrence  River  at  lock  No.  27,  between  the 
months  of  May,  188G,  and  November,  1895,  is  4.94  feet.  At  locks  Nos. 
15  and  14  the  difference  between  the  mean  readings  of  May,  1870,  and 
November,  1895,  gives  a  fluctuation  of  4.0*5  and  3.25  feet,  respectively. 

The  year  1870  gives  a  slightly  lower  annual  mean  reading  than  that 
for  1886,  but  a  higher  mean  for  the  period  of  navigation.  The  curves 
of  gauge  readings  for  these  years  are  nearly  similar.  More  data  are 
available  for  the  year  1886,  and  it  is  taken  as  a  typical  liigh-water 
stage  for  detailed  comparison  with  the  low-water  stage  of  1895. 

The  general  location  and  approximate  stations  of  tlic  Canadian 
gauges  used  in  the  St.  Lawrence  River  are  as  follows: 


General  location  of  Canadian  gaages. 


Near  the  head  of  Galops  Island ,  Qslops  Canal 

Opposite  Point  Rockway  at  Iroqnoiri,  Galops  Canal 

Near  the  head  of  Ogdens  Island,  Rapide  Plat  Canal 

Opposite  Dry  Island  at  Morrisburt^, "Rapide  Plat  Canal 

Near  the  head  of  Croills  Island.  Farrans  Plat  Canal  

Opposite  central  part  of  Lonp  Sanlt  Island,  Cornwall  Canal- 
Opposite  Cornwall  Island  at  Cornwall,  Cornwall  Canal 

Near  the  foot  of  Lake  St.  Francis,  Beauharnois  Canal 


No. 


Station. 


37 

.3620 

35 

4055 

34 

4360 

23 

4470 

22 

5010 

21 

5280 

15 

5795 

U 

The  above  stations  indicate  the  approximate  location  of  the  gauges, 
but  the  elevation  of  the  water  surface  at  the  gauge  does  not  correspond 
exactly  to  the  elevation  of  water  surface  at  the  proposed  center-line 
station,  on  account  of  its  distance  from  the  center  line,  intervening 
islands,  eddies,  etc. 

Table  No.  2. — Comparison  of  the  high-water  stage  of  1SS6  and  the  loic-ivater  .stage 
of  1895  of  Ixike  Ontario  tvith  the  St.  Lawrence  River  through  Lake  St.  Francis. 


Average  monthly  readings. 


Location  of  g-auges.       Year. 


May. 


Lake  Ontario  at  Oswe-  11886 
go,  N.  Y 1l895 

St.  Lawrence  River  at  J1886 
lock  No.  37 tlH95 

Lock  No.  25 —  {l895 

LoekNo.34 !)g 

LockNo.33 j{}|« 

Lock  No.22 Ij^ 

Lo«l^N«-~'l ffi 

Lock  No.  15 i]^ 

1 1 1895 

LockNo.U Ij}^ 

U""5 


Feet. 
4.52 

0.88 
13.36 

8.83 
14.70 
10.31 
11.83 

7.8;? 

11.92 

7.75 
11.59 

8.47 
13.17 

9.00 
13.14 

9.66 
13.18 
11.46 


June. 


Feet. 

4.32 

0.76 
12.13 

8.67 
14.72 
10.26 
11.67 

7.67 
11.67 

7.58 
11.49 

8.  ,37 
12.00 

8.92 
11.97 

9.52 
13.10 
11.28 


July. 


Feet. 

3.92 

0.47 
11.70 

8.37 
14.07 

9.66 
11.17 

7.42 
11.33 

7.17 
11.12 

8.08 
11.67 

8.67 
11.69 

9.22 
12.82 
10.96 


Au- 
gust. 


Feet. 

3.48 
+0.22 
11.33 

8.30 
13.69 

9.40 
10.67 

7.08 
10.  75 

7.00 
10.67 

7.89 
11.33 

8.  .58 
11.32 

9.17 
12.57 
10.98 


Sep- 
tem- 
ber. 


0«to-  I    N"- 
y^       I  vem- 

'^^^       ber. 


Feet. 

3.12 

—0.12 

10.98 

7.98 
13.29 

8.81 
10.42 

6.50 
10.42 

6.42 
10.41 

7.52 
11.00 

8.25 
11.05 

8.80 
12.15 
10.54 


Feet.   I 

2.83  I 
^0.46 
10.63 

7.63  ; 
12.  .58  : 

8.34 
10.08 

6.17 
10.00  : 

6.00  ; 
10.08 

7.17  I 
10.67  t 

7.92  f 
10.73 

8.54  I 
12.20 
10.39 


Feet. 

2.39 

-0.71 

10. 49 
7.42 

12.57 
7.81 
9.83 
5.67 
9.75 
.5.58 
9.83 
6.70 

10.  .50 
7.67 

10.64 
8.37 

13.13 

10.17 


Mean  read- 
ing. May 
to  Novem- 
ber, inclu- 
.sive. 


Feet. 

3.51 
-*-0.15 
11.37 

8.16 
13. 66 

9.23 
10.81 

6.90 
10.83 

6.79 
10.74 

7.74 
11.33 

8.43 
11.36 

9.04 
12.59 
10.83 


In  Table  No.  3  the  difference  between  the  mean  gauge  readings  for 
May  to  November,  inclusive,  for  1886  and  1895  are  reduced  to  a  per- 
centage of  the  fluctations  in  Lake  Ontario. 
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Differences  between  the  stJiiKlard  lii^h  water  (leteriuiiied  in  the  1896 
report  of  the  United  States  Deep  Waterways  Coniniission  and  the 
liijj:li  staj;e  of  ^lay,  1880,  is  given;  also  tlie  (lifferences  between  stand- 
ard low  water  and  tin;  mean  lowstaire  dni-inirthe  period  of  naviiiation 
for  1895. 

The  difference  between  the  high  stagt'  vi  -May,  ISbH,  and  the  low 
stage  of  May  to  November,  inclnsive,  for  IS'.io  is  given. 

The  difference  between  standard  low  water  and  that  jjeriod  covered 
by  simultaneous  gauge  readings  by  Mr.  David  Molitor,  United  States 
assistant  engineer,  is  also  shown. 

Table  No.  :?. — Tabulation  of  variouH  gauge  readiuga  aud  <lij[''<'reiia's. 


Lake  St.  Lawrence  River  at  Caimdian  locks. 

I  tario  i  I  I  I  I  i  !  I 

at  Os  |No.27.  No.a5.  No.a4.iNo.23.  No.22.INo.21.No.  1.5.  No.  U. 

1  wesfo.  i  :  ,  i  , 


Mean  irauge  readings,  May-No- 
vember: 

lsx« 

1«05 


Diflf  erences 

Percentage  of  -iiflferences. 


Standard  high  water  of  18!W report. 
Mean  monthly  readings  for  Slav, 

lam 


Differences . 


Standard  low  water  of  1896  report. 

Less  mean  readings  of  May-No- 
vember, 189.5  

Mean  of  May,  18i*»),  less  the  mean 
of  May  to  November,  inclusive, 
189.5 

^lean  gauge  readings,  July  27- Au- 
gust ti,  1898 

Less  standard  low  water  of  1896 
report 


Fci't. 
3.51 
0.15 


3.36 
10() 


4.83 
4.52 


0,31 


Feet,  j  Feet.  Feet.  Feet.  Feet,  h'eet.  Fc't. 
11.37  13.  tW  ;  10.81  10.8;i  :  10.74  11.33  11.36 
8.16   9,23  1  6.90   6.79  1  7.74   8.43)  9.04 


3.21 
96 


4.43  I  3.91  ,  4,04 
132    116    120 


3.00   2.90 
89    86 


2.33 


12.67 
12.,% 


0.31 


0.32  I 

(1.17 

4.37  j 
1,53  j 
1.21  I 


8.31 
0.15 

4.20 
9.19 
0.88 


15.67 
14,70 
0.97 


12.58  i  10.83  ; !  12.43 


Feet. 
12.  .59 
lO.SIi 

1.76 
52 


13.42 


11.83  i  11.92  !  11.59  i  12.17  ■  13.14  1    13.18 


0.66   -0.76   i    0.28 


9.49  I  (7.18)     6.99  j    7.95  ,  (8,60)| 
0,2«       0,28  !    0.20  I     0.21       0.17 


5.47 
10,89 
1.40 


4.98 
8.50 
L32 


5.13 
8.39 
1.40 


3,86 
8,85 
0.90 


3.74 
9.49 
O.N 


9.13 

0.09 

3. 10 

•>.W 


0,24 


10.96 

0.15 

2.  .35 

11.34 

1.36 


In  Appendix  No.  1,  page  128,  of  the  "Annual  report  of  the  depart- 
ment of  railways  and  canals,"  Dominion  of  Canada,  for  the  fiseal  year 
from  July  1, 1800,  to  June  30,  18t>l,  is  a  "Statement  of  the  highest  and 
lowest  water  on  the  canals  in  the  St.  Lawrence  district.  May  to  Novem- 
ber in  each  year,"  from  1849  to  1891,  for  gauges  at  locks  Nos.  lo,  21, 
23,  21,  25,  and  27.  A  similar  statement  in  the  repoi't  for  the  fiscal 
year  from  July  1,  189G,  to  June  30,  1897,  on  page  101,  Part  I,  con- 
tinues this  data  to  June,  1897. 

The  following  readings  show  the  highest  daily  readings  ocenrring 
during  those  months  when  water  stood  at  or  more  than  0.5  foot  above 
the  mean  reading  of  May,  1880,  for  the  corresponding  gauge: 

HigJii'sf  (laiit/i'  nHuVnui. 

Lock  No.  27,  May,  1870.  l.i.OO 
Lock  No.  2'y. 

July,  1867 1.1.67 

May,  1870.  1(5.17 

July,  1876-  l.-i.67 

May,  1884 .1.5.83 

May,  1886 .  l.J.SS 

H.  Doc.  149 26 
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Lock  No.  24: 

July,  1867. _ - --- 12.50 

May,  1870 13.00 

May.  1876.... .' 12.75 

May,  1884 ..12.50 

Lock  No.  23: 

June,  1867... 12.83 

May,  1870 ...12.75 

July.  1876 12.50 

May.  1884 12.75 

Lock  No.  22,  July.  1876  .... 12.50 

Lock  No.  21: 

May,  1870 12.75 

June,  1886 12.92 

Lock  No.  15,  June,  1870... - 12.67 

These  luaximum  daily  readings  average  approximately  1  foot  above 
the  ineaii  high  .stage  of  May,  1886. 

The  following  readings  show  the  lowest  dailj'  readings  occurring 
during  those  months  when  the  water  stood  at  or  lower  than  0.5  foot 
below  the  mean  readings  of  1895,  May  to  November,  inclusive: 

Lowe^sf  gauge  reading. 

Lock  No.  27: 

November,  1889 7.08 

November.  1895 6.75 

November.1896 7.50 

Lock  No.  25: 

November,  1875 8.83 

November.  1887 8.33 

October,  1891  7.83 

November.  1895 6.67 

November.1896 8.25 

Lock  No.  24: 

November.  1875 6.25 

November.  1889 6.00 

November,  1895 4.42 

November,  1896 ... . 5.58 

Lock  No.  23: 

November.  1875 6.00 

November,  1895 , .  4.88 

November,  1896 .5.75 

Lock  No.  22: 

November.  1895 5.83 

November.1896 6.92 

Lock  No.  21: 

November,  1895 7.88 

November,  1896 7.67 

Lock  No.  15: 

November,  1895 8.00 

November.1896 8.54 

Table  No.  4  shows  the  approximate  location  of  the  gauges  estab- 
lished by  Mr.  David  Molitor,  United  States  assistant  engineer,  over 
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that  stretcli  of  the  river  imdor  consideration,  and  Ihe  reduction  of  the 
mean  elevations  of  the  water  surface  to  standard  low  water. 

The  percentage  corrections  are  determined  by  multiplying  1.21, 
which  is  that  stage  of  Lake  Ontario  at  Oswego  during  the  jieriod  cov- 
ered by  the  simultaneous  gauge  readings,  by  a  factor  obtained  from 
the  percentages  of  fluctuations  found  between  the  mean  high  water, 
1886,  and  the  mean  low  water  of  1895,  at  the  various  Canadian  gauges 
during  the  period  of  navigation.  Tlie  ai)proximate  elevation  of  stand- 
ard low  water  so  determined  is  used  for  a  comparison  with  the  reduc- 
tions otherwise  obtained. 

All  elevations  used  in  this  report  are  based  on  a  line  of  levels  run 
under  direction  of  the  United  States  Board  of  Engineers  on  Deep 
Waterwaj^s  from  the  Greenbush  bench  mark  elevation,  1-1.73  feet 
above  mean  tide  at  New  York. 

Table  No.  4. 


No, 


General  location. 


station. 


^vation^"  I  Percent-  Elevation 
wlter°«r- !  ??«?«:"  ,?*^'i?-Yl 


face. 


rection.  ■  low  water. 


Ogdensbnrg  

Butternut  Island 

Sheldon  Island 

Point  Rock  way 

Leishmans  Point 

Waddington,  Ijelow  dam 

Murphys  Island 

Above  Bradfords  Hill 

Below  Bradfords  Hill  ... 

Louisville  Landing 

Richards  Landing 

Gra.s.s  River 

Racket  River 


3272 

3586 
3811 
4070  ± 
4225± 
4346 
4510  ± 
4735  ± 
4770  + 
4975 
5123 
5ti33 
5855 


245.811 
244.868 
235.805 
228.543 
226.412 
215.  202 
213.  675 
208.983 
207.657 
206.188 
204.792 
156.844 
154.595 


1.16 
1.16 
1.22 
1.60 
L42 
1.42 
1.45 
L32 
L28 
1.09 
LOS 
0.91 
0.82 


244.65 
24.3.71 
234.  .59 
226.94 
224.99 
213.  78 
212.23 
207.66 
206.40 
205.10 
203.74 
155.93 
153.78 


Table  No.  5,  giving  the  standard  high  and  low  water  after  comple- 
tion of  proposed  work,  has  been  computed  from  the  elevation  of  the 
actual  water  surface,  taken  on  various  dates,  reduced  to  standard 
low  water  by  a  comparison  with  the  Oswego  gauge  readings  for  the 
corresponding  dates,  reduced  to  standard  low  water  at  the  desired 
point  by  applying  the  percentage  correction  shown  in  Table  No.  3, 
by  a  comparison  with  the  standard  low  water  obtained  by  applying 
the  same  percentage  to  the  mean  elevations  determined  by  Mr.  David 
Molitor,  United  States  assistant  engineer,  and  b.y  a  comparison  with 
the  difference  between  the  nearest  Canadian  gauge  reading  and  its 
standard  low  water.  The  various  results  thus  obtained  piaclically 
agree. 

The  standard  high  water,  after  completion  of  the  proposed  works, 
is  determined  b}'  a  comparison  of  the  high  stage  of  Lake  Ontario  at 
Oswego,  reduced  to  an  elevation  at  the  desired  point  by  applying  the 
percentage  correction,  and  by  a  comparison  with  standard  high  water 
of  the  nearest  Canadian  gauges.  The  results  thus  obtained  agree 
within  reasonable  limits. 
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The  grade  used  for  the  channels  of  30  or  21  feet  depth,  on  which 
estimates  depend,  are  determined  by  subtracting  30  or  21  feet  from 
the  standard  low  water,  except  as  is  noted  under  details  of  the  esti- 
mates of  the  respective  channels. 

Table  No.  5. 


General  location. 


State  hospital  grounds 

Head  of  Galops  Island 

Lock,  Sheldon  Island 

Do 

Leishmans  Point 

Lock,  Clarks  Point 

Do 

Off  Drv  Island 

Below  Bradfords  Hill 

Off  Chat  Island 

Richards  Point 

St.  Lawrence  Power  Company  Canal 
Lock,  Massena  Valley 

Do 

Near  the  mouth  of  Grass  River 

Off  Cornwall  Island 

Off  St.  Regis  Island 

Lower  portion  Lake  St.  Francis 


Station. 


3449 
3ti29 
:j77i) 
;}"71t 
4213 
4:^72 
4;J72 
44»K) 
47tV.") 
492.5 
5075 
.523;} 
oam 
5508 
5tvW 
.5815 

mU) 

7280 


Number  of  nearest 
gauge. 


Elevation. 


Stand-      Stand- 

Molitor's.    Canadian,  ard  high    ard  low 

i         water.'  water.' 


24 
Zi 
23 
23 


248.8 
247.1 
247.1 
2:37.5 
231.0 
2:J1.0 

219. 4 
218.4 
210.9 
209.3 
2<K».0 
20!(.5 

208. 5 
160.2 
160.2 
157. 0 
1.56. 7 
155. 5 


244.4 
242.7 
242.7 
2:33.0 
225.  7 
225. 7 
213. 9 
212.8 
206.3 
205.2 
2a5.0 
204.5 
204.5 
1.5(}.8 
1.5(5. 8 
153.7 
1.53.4 
15:3.0 


'  After  improvement  has  been  completed. 

Stations  showing  location  of  head  of  locks  as  given  in  Table  No.  5 
are  for  the  30-foot  channel.  The  location  of  the  locks  for  the  21-foot 
channel  does  not  correspond  exactly  with  the  locks  of  the  30-foot 
channel. 

EFFECT   OF   ICE   .JAMS. 

Ice  jams  in  the  vicinity  of  St.  Regis  Island  occur  during  the  winter 
months,  occasionally  beginning  in  December  or  extending  into  April. 
The  rise  of  water  is  generally  from  10  to  20  feet  above  standard  low 
water. 

The  following  readings  show  the  highest  readings  during  the  months 
indicated,  wherein  the  gauge  readings  of  the  Cornwall  Lock  No.  15 
were  over  30  feet,  or  21  feet  above  standard  low  water,  between  the 
years  1862  to  1899,  inclusive: 


Date. 


February,  1870 
January,  1871 . 
Januaiy,  1884 . 
January,  1885 . 
January,  1887 . 
March,  1891... 


Height 

above 

Beading. 

standard 

low 

water. 

31.42 

22.29 

30.42 

21.29 

32.17 

23.04 

30.67 

21.54 

38. ;« 

29.20 

30.25 

21.13 

Effects  produced  by  ice  jams  in  the  vicinity  of  proposed  construc- 
tion between  Ogdensburg  and  the  entrance  to  the  land  canal  at 
Richards  Point  can  be  disregarded. 
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GENERAL  TOPOGRAPHY  AND   MATERIAL  ENCOUNTERED. 

From  ()i:!:(l('ii!sl)nrii:  to  Waddin^^oii  the  ridge  adjacent  to  the  river  is 
wide  and  varies  from  40  to  70  or  more  feet  above  the  water  surface. 
It  is  broken  by  a  few  small  creeks.  In  the  vicinity  of  Gooseneck 
Island  and  Louisville  Landing  valleys  extend  southward  towai-d  the 
Grass  River,  which,  at  the  latter  place,  approaches  within  about  3 
miles  of  the  St.  Lawrence.  From  this  point  the  trend  of  the  ridges 
or  valleys  is  nearly  parallel  to  the  St.  Lawrence  for  a  distance  of 
about  11  miles,  to  the  mouth  of  the  Grass  River.  Several  cross-overs 
exist  between  the  valleys. 

The  higher  portions  of  points  and  islands  crossed  bj-  the  propo.sed 
center  line  have  a  rich  but  shallow  loamy  surface.  The  ]\Iassena  val- 
leys are  in  general  fertile  bottom  lands. 

The  usual  formation  of  all  points,  islantU,  and  ridges  is  a  core  of 
bowlder  clay  approaching  close  to  the  surface  on  tlie  upstream  side, 
while  on  the  downstream  side  considerable  clay  and  sand  of  softer 
material  is  frequently  found.  A  portion  of  the  bowlder  clay  is  more 
or  less  cemented  and  is  classified  as  "hai-dpan"  in  the  detailed  esti- 
mates of  yardage  and  cost.  The  remaining  jjortion  is  classified  as 
"hard  material."  It  consists  of  sand,  gravel,  and  bowlders  in  Aary- 
ing  proportions,  mixed  with  clay,  but  not  cemented.  Ilardpan  is 
imposed  upon  several  feet  of  soft  blue  clay  in  a  few  cases. 

The  bulk  of  the  clay  is  soft  blue  clay;  a  small  proportion  is  a  tough 
yellow  clay.  All  the  gravel  found  is  angular,  and  appears  to  have 
been  formed  from  local  rock.  It  generally  contains  a  small  amount 
of  clay,  but  not  enough  to  cement  it  together. 

The  rock  appears  to  be  a  heavy  dark-gray  limestone  with  a  clear 
ring  and  good  weathering  properties,  as  is  shown  by  various  outcrop- 
pings  in  the  vicinity  of  Lisbon,  Waddington,  and  Ilogansburg.  It  is 
called  a  calciferous  sandstone;  the  percentage  of  lime  varies  through 
a  large  range.  Rock  excavation  was  in  progress  on  the  St.  Lawrence 
Power  Company's  canal  and  on  the  Canadian  Canal  improvements. 
It  was  easily  drilled  and  conveniently  broken  for  loading  into  cars, 
skips,  etc.  The  sti-ata  are  practically  horizontal,  and  vary  in  thick- 
ness from  a  few  inches  up  to  about  5  feet. 

Some  public  buildings  and  dwellings  are  constructed  from  stone 
taken  from  local  quarries.  A  similar  stone  is  used  in  the  construc- 
tion of  a  portion  of  the  masonry  in  the  Canadian  locks. 

A  considerable  area  of  rock  outcroppings  appears  on  river  bottoms 
at  the  Galops  Rapids  and  the  Rapide  Plat.  Other  river  bottoms  in 
the  vicinity  of  swift  water  are  thickly  covered  with  medium-sized 
bowlders. 

GENERAL   ROUTE   AND   ESTOIATES. 

Those  stretches  of  the  river  requiring  radical  improvement  ai-e  the 
Galops  Rai)i<ls,  the  swift  watei-  in  the  vicinity  of  Long  Point  and  Point 
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Rockway,  the  Rapide  Plat,  and  the  swift  water  extending  from  Croflls 
Island  to  Cornwall  Island,  including  the  Long  Sault, 

Estimates  are  based  upon  the  standard  sections  and  designs,  except 
that  the  600-foot  river  channel  has  been  contracted  to  a  400-foot 
width  between  Lalone  Island  and  the  mainland,  cliannel  limits  being 
above  high  water.  In  a  few  other  jjlaces,  where  a  side  slope  would 
extend  into  a  high  shore,  a  contraction  of  100  feet  on  that  side  has 
been  made.  Additional  excavation  in  river  sections  has  been  esti- 
mated at  all  curves  between  the  outer  curve  and  its  tangents. 

No  slope  walls  are  estimated  adjacent  to  river  sections,  where  the 
excavated  shore  is  hard  material,  as  is  the  case  at  Lalone  Island,  Long 
Point,  Point  Rockwaj^,  and  a  few  other  places. 

For  convenience  in  tabulating  quantities  and  cost  the  proposed 
work  is  divided  into  sections,  as  follows: 

Section  1. — Station  3481  to  station  3763;  from  the  St.  Lawrence 
State  hospital  grounds  to  the  dock  at  entrance  of  the  Sheldon  Island 
lock. 

Section  2. — Station  3763  to  station  3819;  Sheldon  Island  lock  and 
excavation  out  to  deep  water. 

Section  S. — Station  3819  to  station  3885;  general  river  improvements 
at  Long  Point. 

Section  Jf.. — Station  3i)99  to  station  4066;  general  river  improvements 
at  Point  Rockway. 

Section  5. — Station  4206  to  station  4233;  Leishmans  Point. 

Section  6. — Station  4233  to  station  4261 ;  Leishmans  Point  to  land 
canal  in  Ogdens  Island. 

Section  7. — Station  4261  to  station  4278;  land  canal  in  Ogdens 
Island. 

Section  '8. — Station  4278  to  station  4356;  from  Ogdens  Island  canal 
to  dock  at  entrance  of  lock  in  Clarks  Point. 

Section  9. — Station  4356  to  station  4396;  lock  at  Clarks  Point. 

Section  10. — Station  4396  to  station  4933;  from  the  end  of  dock 
below  Clarks  Point  to  deep  water  bej-ond  Chat  Island. 

Section  11. — Station  5055  to  station  5491;  from  Richards  Point  to 
the  dock  for  the  Massena  Vallej'  lock. 

Section  12. — Station  5491  to  station  5532;  the  Massena  Valley  lock. 

Section  13. — Station  5532  to  station  5635;  from  the  Massena  Valley 
lock  to  the  deep  water  in  the  St.  Lawrence  River  near  the  mouth  of 
Grass  River. 

Section  IJf. — Station  5668  to  station  7028;  from  below  the  mouth  of 
(xrass  River  to  opposite  McKees  Point,  Lake  St.  Francis. 

The  estimates  for  the  proposed  river  improvements  for  the  North 
Galops  channel  and  for  Long  Point  and  Point  Rockway  are  the  same 
for  the  canals  of  30  or  21  feet  depth. 
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DETAILED    ESTIMATES,  ;}()-F<)OT   CHANNEL. 

Estimates  arc  l)as«>d  on  sla<'k-\vater  iiavijration  from  the  head  of 
(Talops  Ishiiul  to  the  foot  of  Hheldon  Island  by  means  of  roek-liUed 
dams,  connecting  Galops,  Benedict,  Raycraft,  Lalone,  and  Sheldon 
islands,  and  Sheldon  Island  with  the  nminland  opposite,  th(^  lock  of 
*.>.7  feet  lift,  standard  low  water,  being  located  in  Sheldon  Island. 

It  is  proposed  to  enlarge  the  North  Galops  channel  by  excavating  a 
20-foot  channel  1,.'}00  feet  wide  through  th(^  adjacent  portions  of  Galops 
and  Adams  islands.  The  present  channel  at  this  point  is  estimated 
at  5,000  square  feet  area.  The  proposed  channel  would  be  20,000 
square  feet,  giving  an  increased  area  of  21,000  square  feet.  The 
present  area  of  the  North  Channel  between  Adams  Island  and  the 
guard  wall  of  the  Canadian  canal  is  16,000  square  feet.  The  area  of 
the  South  Channel  near  Red  Mill  Point  is  10,500  square  feet.  This 
improvement  of  the  North  Channel,  with  the  slack-water  navigation 
in  the  South  Channel,  would  make  the  cross  section  available  for  dis- 
charge to  the  Galops  Rapids  practically  unchanged.  The  yardage 
and  classification  of  material  has  been  determined  from  the  data  on 
existing  charts,  and  the  estimated  cost  of  the  same  is  regarded  as 
equivalent  to  the  cost  of  any  required  improvements  at  this  point. 

T^e  yardage  of  material  required  for  rock-filled  dams  is  based 
upon  a  dam  4  feet  above  high  water,  having  a  top  width  of  20  feet  and 
side  slopes  of  1^  to  1.  No  deduction  is  made  in  these  quantities  for 
the  material  that  could  be  deposited  by  scows,  etc.,  from  the  "exca- 
vation under  water."  The  river  bottom  at  the  dam  sites  is  either  rock 
or  hard  material.  The  present  currents  between  the  islands  have  a 
maximum  surface  velocity  of  from  3  to  4  miles  per  hour,  and  are 
directed  northward,  except  between  Lalone  and  Sheldon  islands. 

In  general,  the  bulk  of  the  material  necessary  for  dams,  back  filling, 
embankments,  and  crushed  stone  for  concrete  is  available  from  the 
material  to  be  excavated  from  channel. 

Table  No.  H. 
estimate,  ;w-foot  channel. 

Section  1. — The  estimated  yardage  and  cost  of  material  to  be  exca- 
vated and  dams  constructed  are  as  follows: 

Excavation  under  water: 

Rock,  2,939,643  cubic  yards,  at  $3,50 §7,349,105 

Hard  material,  1,098.583  cubic  yards,  at  35  cents 274. 646 

Gravel,  100,050  cubic  yards,  at  15  cents 15, 908 

Excavation  in  the  dry: 

Rock,  25,03(>  cubic  yards,  at  65  cents 1»5, 273 

Hard  material,  103.018  cubic  yards,  at  25  cents  _ . .  25.  7.55 

Gravel,  41,112  cubic  yards,  at  15  cents 6,167 
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For  the  improvement  of  the  North  Galops  Channel: 

Excavation  tinder  water: 

Rock.  566.908  cubic  yards,  at  $2.50 $1,417,270 

Hard  material,  226,805  cubic  yards,  at  25  cents 56, 701 

Excavation  in  the  dry: 

Rock,  592.444  cubic  yards,  at  65  cents ;5^^5, 089 

Hard  material,  860.389  cubic  yards,  at  25  cents 215, 097 

Rock-filled  dams: 

Between  Galops  and  Benedict  islands.  20.737  cubic  yards,  at  50 

cents 10.368 

Between  Benedict  and  Raycraft  islands,  21.972  cubic  yards,  at  50 

cents    10,986 

Between  Raycraft  and  Lalone  islands,  46,425  cubic  yards,  at  50 

cents - 23.212 

Between  Lalone  and  Sheldon  islands,  30,310  cubic  yards,  at  50 

cents 15, 155 

Right  of  way: 

•  On  Galops  Island,  including  the  acreage  reciuired  for  river  improve- 
ments at  the  northwest  portion,  114  acres,  at  $75 8, 550 

On  mainland  opposite  Galops  Island,  10  acres,  at  $75 750 

Six  islands,  including  Adams  Island 0, 500 


Total  estimated  cost  of  section  1 9, 837, 532 

Section  2. — Docks  and  cribs  in  approaches  to  tlie  lock,  tlie  lock, 
and  the  retaining-wall  quantities  are  based  on  the  standard  designs. 

The  lock  is  located  between  station  3777  +  29  and  station  3787+00 
in  Sheldon  Island.  The  lift  at  standard  low  water  is  9.7  feet.  The 
fluctuation  of  high  water  is  4.4  feet  and  4.5  feet.  Both  above  and 
below  the  lock,  respectively,  the  foundations  are  on  rock. 

The  estimated  quantities  and  cost  of  construction  are  as  follows: 

Excavation  under  water: 

Rock,  33,459  cubic  yards,  at  $2.50 ...  $83. 647 

Hardpan,  112,788  cubic  yards,  at  $1 112.788 

Hard  material,  31 1 ,926  cubic  yards,  at  25  cents 77. 981 

Clay.  89,643  cubic  yards,  at  15  cents. . . 13, 446 

Gravel,  6,144  cubic  yards,  at  15  cents 922 

Excavation  in  the  dry: 

Rock,  267,850  cubic  yards,  at  65  cents 174,103 

Hardpan.  106,492  cubic  yards,  at  35  cents  . 37, 272 

Hard  material,  85,993  cubic  yards,  at  25  cents  . . , 21 .  498 

Clay,  48,911  cubic  yards,  at  15  cents ..-. 7,337 

Approaches  to  lock  (docks): 
Timber- 
Oak.  79,680  feet  B.  M.,  at  $50  per  M. 3,984 

Hemlock,  5,588,962  feet  B.  M. ,  at  $23  per  M 128, 546 

Pine,  1,594,432  feet  B.  M.,  at  $30  per  M. 47,832 

Stone  fill,  88,441  cubic  yards,  at  60  cents. 53, 065 

Iron,  drif  tbolts,  652,005  pounds,  at  3  cents    .  19, 560 

Retaining  walls,  4,849  cubic  yards,  at  $4 19,396 

Rock-filled  dam  from  Sheldon  Island  to  mainland,  50,046  cubic  yards, 

at50cents 25.023 

Backfill,  105,138  cubic  yards,  at  25  cents 26,282 
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Lock  No.  1  (Sheldon  Island) *S16.H!:<8 

Lock  operating  machinery 100,000 

Right  of  way: 

Sheldon  Island,  62  acres,  at  §100 sO.  200 

Mainland,  20  acres,  at  $75 1,  500 

7, 700 

Total  estimated  cost  of  section  2  1 .  777, 270 

Sections  3  and  i. — It  is  proposed  to  improve  the  river  at  Lonjr  Point 
and  at  Point  Rookway  by  so  increasin*;  the  cross  section  that  the 
slope  shall  be  practically  uniform  from  Sheldon  Island  to  Leishmans 
Point. 

Simultaneous  gauge  readings  taken  above  and  below  Long  Point 
give  a  difference  in  elevation  of  water  surface  of  2.25  feet  in  a  dis- 
tance of  4,000  feet,  estimated  along  the  central  thread  of  the  river. 
The  present  estimated  mean  available  area  at  an  elevation  of  234 
feet,  corresponding  to  that  stage  of  the  river  during  which  discharge 
measurements  were  made  at  Ogdensburg,  is  37,540  square  feet.  This 
gives,  with  the  measured  discharge  of  219,100  cubic  feet  per  second, 
a  mean  velocity  of  5.84  feet  per  second.  The  maximum  velocity 
observed  by  using  rod  floats  submerged  about  6  feet  was  10.3  feet  per 
second. 

The  proposed  river  improvements  upon  which  estimates  are  based 
increase  the  area  to  56,860  square  feet  and  decrease  the  mean  velocity 
to  3.0  feet  per  second. 

Similarly,  at  Point  Rockway,  a  difference  in  elevation  of  3.70  feet 
in  an  estimated  distance  of  7,000  feet  was  determined.  The  eleva- 
tion of  water  surface  for  the  mean  present  section  of  33,150  square 
feet  for  a  stage  corresponding  to  that  used  for  Long  Point  is  229.6 
feet.  The  mean  velocity  is  6.6  feet  per  second.  The  maximum 
observed  velocity  was  9.8  feet  per  second. 

The  area  at  this  point  is  increased  to  51,730  square  feet  and  the 
mean  velocity  reduced  to  4.2  feet  per  second. 

Eddies  exist  below  both  Long  Point  and  Point  Rockway,  and  the 
estimated  distances  of  4,000  feet  and  7,000  feet,  respectively,  may 
1)6  too  small  for  representing  present  conditions.  The  proposed 
improvements  would  destroy  or  largely  decrease  these  eddies. 

These  increased  areas  at  Point  Rockway  and  Long  Point  will 
decrease  the  elevation  of  the  Avater  surface  below  Sheldon  Island 
about  1.6  feet.  The  increased  area  at  the  head  of  the  North  Galops 
Channel  will  tend  to  decrease  this  effect.  The  decrease  of  the  veloc- 
ity of  apiiroach  to  the  pools  below  Long  Point  and  Point  Rockway  will 
tend  toward  a  relative  increase  in  the  elevation  of  the  water  sur- 
face at  the  head  of  these  pools.  The  resulting  slopes  at  the  improved 
points  and  through  the  pools  are  nearly  the  same.  Therefore  a  uni- 
form slope  for  estimating  the  yardage  of  excavation  is  used  from  the 
lock  approaches  below  Sheldon  Island  to  Leishmans  Point. 
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The  estimate  is  leased  on  excavating  all  material  from  a  side  line 
100  feet  to  right  of  the  center  line,  slopes  2  on  1,  out  to  deep  water, 
and  the  quantities  are  the  same  for  the  proposed  canals  of  either  21 
or  30  feet  depth. 

The  estimated  quantities  and  cost  are  as  follows: 

Section  3: 

Excavation  under  water — 

Hardpan,  818,948  cubic  yards,  at  §1 $818. 948 

Clay,  7,160  cubic  yai'ds,  at  I")  cents 1,074 

Excavation  in  the  dry — 

Hardpan,  680,631  cubic  yards,  at  nry  cents 238, 221 

Clay,  277,110  cubic  yards,  at  15  cents 41,567 

Right  of  way,  36  acres,  at  $75 2, 700 

Total  estimated  cost  of  section  3 _ . .   1, 102, 510 

Section  4: 

Excavation  under  water — 

Rock,  61,348  cubic  yards,  at  $2. 50 153,370 

Hard  material,  1,101,61 1  cixbic  yards,  at  25  cents 275, 403. 

Excavation  in  the  dry — 

Rock,  105,317  cubic  yards,  at  (55  cents 68,456 

Hard  material,  595,036  cubic  yards,  at  25  cents 148, 759 

Right  of  way,  37  acres,  at  $75 2,775 

Total  estimated  cost  of  section  4. 648,763 

At  the  Rapide  Plat  it  is  proposed  to  obtain  slack-water  navigation 
by  a  rock-filled  dam  between  Clarks  Point  and  Ogdens  Island  and  a 
lock  located  in  Clarks  Point.  A  land  canal,  earth  section,  will  be 
necessary  through  Leishmans  Point  and  tlirough  a  portion  of  Ogdens 
Island.  Otherwise  the  600-foot  river  section  through  the  Little 
River  is  used  in  estimating  quantities  to  be  excavated.  The  maxi- 
mum velocity  observed  just  below  the  entrance  to  the  land  canal  at 
Leishmans  Point  was  8  feet  per  second,  about  700  feet  off  the  shore — 
a  velocity  greater  than  that  existing  on  the  proposed  sailing  course  at 
and  above  this  entrance.  A  guard  crib  300  feet  long,  of  the  standard 
section,  is  estimated  for  at  this  point. 

This  proposition  would  destroy  the  existing  dam  and  water  power 
at  Waddington.  It  is  estimated  that  15,000  theoretical  horsepower 
could  be  developed  by  properly  improving  the  dam  and  the  highway 
crossing  above  the  same  and  the  canal.  Three  mills,  including  the 
electric-lighting  plant,  are  located  on  the  dam,  which  is  950  feet  long, 
and  eight  mills  are  located  on  the  canal,  which  is  950  feet  long.  These 
mills  consist  of  two  flour  and  grist  mills,  a  lighting  plant,  milk  receiver, 
blacksmith  shop,  planing,  shingle,  and  saw  mills,  etc.  Their  outputs 
are  mainly  to  meet  local  demands.  The  total  present  capacity  of  the 
above  mills  will  not  exceed  300  horsepower.  The  valuation  of  this 
property  is  based  upon  its  possible  future  improvement. 
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Tlie  lock  at  Clarks  Point  is  on  i-ock  foundation;  the  liltat  slaiuiard 
low-water  is  11.8  feet;  the  high  water  above  the  lock  is  r).:5  feet,  and 
below  the  lock  it  is  5.5  feet  above  standard  low  water. 

The  division  of  excavation  under  water  and  in  the  diy  lias  been 
determined  from  the  jjresent  shore  line. 

The  estimated  quantities  and  cost  for  sections  o  to  9,  inclusive,  are 
tabulated  as  follows: 

Section  ■): 

Excavation  under  water — 

Rock,  2'i,ii2V)  cubic  yards,  at  .$3.50 $59, 065 

Hard  material,  46,245  cubic  yards,  at  25  cents .  11. 561 

Clay,  52,860  cubic  yards,  at  15  cents 7,929 

Gravel,  28,275  cubic  yards,  at  15  cents 4,241 

Excavation  in  the  dry — 

Rock,  104,195  cubic  yards,  at  65  cents ■      67, 727 

Hard  material,  638.665  cubic  yards,  at  25  cents 159, 666 

Clay,  75,560  cubic  yards,  at  15  cents .......  11,834 

Guard  crib  at  entrance — 
Timber — 

Hemlock,  588,620  feet  B.  M.,  at  §2;}  per  M 12,388 

Pine,  163,536  feet  B.  M.,  at  $30  per  M  - 4,906 

Stone  fill,  8,400  cubic  yards,  at  60  cents 5, 040 

Iron  driftbolts,  62,585  pounds,  at  3  cents 1,878 

Slope  walls.  8,125  square  yards,  at  $1.10 8,937 

Right  of  way,  47  acres,  at  $75 3. 525 

Total  estimated  cost  of  section  5 358, 197 

Section  6: 

Excavation  under  water — 

Rock,  840,557  cubic  yards,  at  $2.50 851 ,  393 

Hard  material,  497,450  cubic  yards,  at  25  cents 124. 362 

Clay,  90,350  cubic  yards,  at  15  cents 13, 552 

Gravel,  12,868  cubic  yards,  at  15  cents.. 1,930 

Total  estimated  cost  of  section  6 991. 237 

Section  7: 

Excavation  in  the  dry — 

Rock.  61 ,  129  cubic  yards,  at  65  cents. 30.  734 

Hard  material.  217,969  cubic  yards,  at  25  cents.  . .  54. 492 

Clay.  3,404  cubic  yards,  at  15  cents 51 1 

Gravel.  595.707  cubic  yards,  at  15  cents 89, 356 

Slope  walls,  11,500  square  yards,  at  $1 .  10 12, 650 

Right  of  way,  76  acres,  at  §75 5, 700 

Total  estimated  cost  of  section  7 ...   202, 443 

Section  8: 

Excavation  under  water — 

Rock,  1,396,943  cubic  yards,  at  $2. 50 3,492,357 

Hard  material,  301 ,827  cubic  yards,  at  25  cents 75. 457 

Clay,  715,477  cubic  yards,  at  15  cents                     .    107, 322 

Gravel,  236,336  cubic  yards,  at  15  cents 35. 450 
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Section  8 — Continued. 

Excavation  in  the  dry — 

Rock,  113,888  cubic  yards,  at  65  cents  ..   $74,024 

Hard  material.  106.736  cubic  yards,  at  25  cents  .  - 20, 684 

Gravel,  80,808  cubic  yards,  at  15  cents - 12,121 

Right  of  way,  20  acres,  at  §75 1,500 

Water  power  and  mill  properties -  100. 000 

Total  estimated  cost  of  section  8 8, 924, 915 

Section  9: 

Excavation  under  water- 
Rock.  12,230  cubic  yards,  at  $2.50 30.575 

Hard  material,  144,100  cubic  yards,  at  25  cents 36,025 

Clay,  172,069  cubic  yards,  at  15  cents  - - .  -  25, 810 

Excavation  in  the  dry — 

Rock,  129,515  cubic  yards,  at  65  cents 84, 185 

Hardpan,  221,494  cubic  yards,  at  35  cents 77.523 

Hard  material,  34,555  cubic  yards,  at  25  cents 8. 639 

Clay.  515,923  cubic  yards,  at  15  cents 77, 388 

Approaches  to  locks,  docks,  and  cribs — 
Timber- 
Oak,  71,289  feet  B.  M.,  at  $50  per  M 3, 564 

Hemlock,  5,919.868  feet  B.  M.,  at  $23  per  M  .   - 136,157 

Pine,  1,577.428  feet  B.  M.,  at  $30  per  M... 47,323 

Stone  fill,  90.985  cubic  yards,  at  60  cents -  -  -  54.  591 

Iron  driftbolts,  660,987  pounds,  at  3  cents 19, 830 

Retaining  walls,  4,490  cubic  yards,  at  $4 17. 960 

Rock-filled  dam,  88,532  cubic  yards,  at  50  cents 44, 266 

Back  fill,  195,878  cubic  yards,  at  25  cents 48,969 

LockNo.  2  (Clarks  Point) 864,003 

Lock-operating  machinery -  100, 000 

Right  of  way.  54  acres,  at  $75 4, 050 

Total  estimated  cost  of  section  9 —  1.680.858 

Section  10. — The  liigher  velocities  occur  off  Goose  Neck  Island  and 
Bradford  Hill.  The  maximum  observed  velocities  at  these  points  were 
6.8  and  8.8  feet  per  second,  respectivel}'. 

The  estimated  quantities  and  cost  are  as  follows: 

Excavation  under  water: 

Rock.  9.750  cubic  yards,  at  $2.50 $24,375 

Hard  material.  2,437,748  cubic  yards,  at  25  cents 609. 437 

Excavation  in  the  dry,  on  Dry  Island,  hard  material.  75.730  cubic  yards,  at 
25  cents 18,930 

Right  of  way,  5  acres,  at  $75 375 

Total  estimated  cost  of  section  10 653, 117 

It  is  proposed  to  pass  tlie  swift  water  exist inc:  between  Croills  Island 
and  Cornwall,  including  the  Long  Sault,  with  a  land  canal,  earth  sec- 
tion, leaving  the  St.  Lawrence  at  Richards  Point  and  entering  the 
same  near  the  mouth  of  Grass  River.  The  distance  between  these 
points  is  10.57  miles.  The  maximum  observed  velocity  off  Richards 
Point  below  the  entrance  of  the  proposed  canal  was  4.8  feet  per  sec- 
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Olid.  .\  ^iiai'd  crib^itH)  feci  loiii;  al  llii>  ciil  raiict-  i>  incliidcd  in  i  lie 
estimate. 

Th(^  entrance  to  the  St.  Lawrence  Power  Company's  canal  is  about 
2  miles  below  the  entrance  to  the  proposed  canal.  The  diffci^MKc  in 
elevation  of  the  water  surface  at  these  entrances  is  3.U  feet. 

The  sectional  area  of  the  St.  Lawrence  Power  Company's  canal  is 
5,G25  square  feet;  average  width,  225  feet;  depth  of  w^ater,  25  feet, 
and  its  mean  velocity  is  estimated  to  be  4.47  feet  per  second  when  its 
maximum  water  i)ower  is  utilized.  It  would  require  a  velocity  of  -1.2 
feet  per  second  in  the  pi-oposed  ship  canal  to  supply  the  maximum 
needs  of  the  power  canal.  This  velocity  will  give  a  fall  of  0.5  foot 
between  stations  5075  and  5223.  The  elevation  of  standard  low  water 
at  the  entrance  of  the  proposed  canal  is  205.  At  the  intersection  of 
the  two  canals  it  would  be  204.5.  The  elevation  of  water  at  the 
entrance  to  the  power  canal  is  201.1.  Its  elevation  at  the  intersection 
would  be  200.1.  An  increased  head  to  the  power  canal  of  4.4  feet 
would  exist  at  the  point  of  intersection.  No  estimate  has  been  made 
of  the  effect  of  this  increased  head  or  of  the  cost  of  controlling  gates 
on  the  power  canal  ])etween  the  iiroposed  ship  canal  and  the  St.  Law- 
rence River. 

To  reduce  the  velocity  and  aid  navigation  at  the  intersection  of 
these  canals  the  area  of  the  jiroposed  canal  is  practically  doubled, 
decreasing  to  a  standard  section  1,000  feet  above  the  point  of  inter- 
section. The  yardage  estimated  as  necessary  for  this  purpose  is 
459,330  cubic  yards  more  than  that  required  for  a  standard  section. 

Above  the  lock  for  a  distance  of  9,700  feet  embankments  are  neces- 
sary. The  estimated'yardage  for  this  purpose  is  based  on  an  embank- 
ment 50  feet  wide,  2  to  1  slopes,  and  the  top  at  the  same  elevation  as 
the  adjacent  slope  wall.  Its  average  height  is  Jl  feet,  its  maximum 
height  for  a  short  distance  is  28.5  feet.  The  embankment  will  rest 
upon  a  stratum  of  soft  blue  clay  over  a  portion  of  its  length.  At  such 
points  it  may  be  necessary  to  construct  the  embankment  at  a  safe 
distance  from  the  excavated  prism.  Right  of  way  is  ample  for  such 
modification,  and  the  estimated  quantities  would  remain  unchanged. 

No  rock  exists  at  the  entrance  at  Richards  Point  or  at  the  crossing 
of  the  St.  Lawrence  Power  Comj)any's  canal,  and  no  separation  has 
been  made  for  the  relatively  small  amount  of  material  to  be  excavated 
under  water. 

The  estimated  quantities  and  cost  of  the  same  for  .section  1 L  arc  as 
follows: 

Excavation: 

Rock,  187,000  cubic  yards,  at  (55  cents §!:>  1.589 

Hardpan,  0,895,286  cubic  yards,  at  '-io  cents .2, 413. 350 

Hard  material,  3,964,744  cubic  yards,  at  2')  r>-v-^»        991, 186 

Clay,  8,518,415  cubic  yards,  at  15  cents 1,277.763 

Sand,  956,364  cubic  yards,  at  15  cents .   143,455 

Gravel,  010,933  cubic  yards,  at  15  cents 91,640 
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Excavation — Continued. 
Guard  crib- 
Timber — 

Hemlock,  683,376  feet  B.  M.,  at  §23  per  M $15,718 

Pine,  163,536  feet  B.  M., at  §30  per  M 4,906 

Stone  fill,  10,350  cubic  yards,  at  60  cents -- 6,210 

Iron  drift  bolts,  76,385  pounds,  at  3  cents 2, 291 

Embankment,  586,927  cubic  yards,  at  15  cents 88,039 

Slope  walls,  212,120  square  yards,  at  $1.10 233,332 

Surface  drainage - 200 

Right  of  way,  I,ll0acre8,  at  $75 83,250 

Highways,  4.6  miles,  at  $200 920 

Highway  crossing,  steam  ferry 20, 000 

Total  estimated  cost  of  section  11 5, 493, 848 

Section  12. — The  lift  of  the  lock  is  47.7  feet  at  standard  low  water. 

The  elevations  of  rock  average  about  2  feet  above  the  grade  of  the 

bottom  of  the  canal  below  the  lock. 

The  high  water  at  Richard's  Point  is  4  feet,  and  in  the  vicinitj'  of 

the  mouth  of  Grass  River  it  is  8.4  feet  above  standard  low  water. 

Ice  jams  will  raise  the  water  at  the  lower  gates  in  exceptional  cases 

nearly  30  feet  above  standard  low  water. 
The  estimated  quantities  and  cost  of  same  are  as  follows: 

Excavation  in  the  dry: 

Rock,  99,810  cubic  yards,  at  65  cents $64,876 

Hardpan,  775,043  cubic  yards,  at  35  cents 271, 265 

Hard  material,  306,172  cubic  yards,  at  25  cents 76, 543 

Clay,  1,100,101  cubic  yards. at  15  cents 165,015 

Sand,  72,577  cubic  yards,  at  15  cents .-.  10,886 

Approaches  to  locks,  docks,  and  cribs: 
Timber: 

Oak,  79,680  feet  B.  M.,  at  $50  per  M 3,984 

Hemlock,  7,016,304  feet  B.  M. ,  at  $23  per  M 161, 375 

Pine,  1,778,124  feet  B.  M.,  at  $30  per  M. 53.344 

Stone  fill,  115.348  cubic  yards,  at  60  cents 69,209 

Iron  drift  bolts,  749,020  pounds,  at  3  cents. 22, 470 

Lock  No.  3  (Massena) 1,667,422 

Lock-operating  machinery 100, 000 

Back  fill,  488,410  cubic  yards,  at  25  cents 122,103 

Right  of  way,  183  acres,  at  $75. 13, 725 

Total  estimated  cost  of  section  12 2,802,217 

Section  13. — Considerable  soft  blue  clay  exists  on  this  section.  The 
maximum  cut  is  79  feet.  Rock  for  slope  walls  is  not  found  in  the 
excavation. 

The  estimated  quantities  and  cost  of  same  are  as  follows : 
Excavation  in  the  dry: 

Hardpan,  1 ,888,411  cubic  yards,  at  35  cents $660, 944 

Hard  material,  41,473  cubic  yards,  at  25  cents  . 10, 368 

Clay,  6,295,996  cubic  yards,  at  15  cents 944,399 

Sand.  451,686  cubic  yards,  at  15  cents 67,753 

Slope  walls,  53,853  square  yards,  at  $1.45 78,087 

Right  of  way,  393  acres,  at  $75 29, 475 

Total  estimated  cost  of  section  13 1,791,026 


DEEP    WATERWAYS.  415 

Seailon  I4. — The  nverage  width  of  Grass  Rivei-  neai-  its  inoutli  is 
600  feet  at  standard  low  water,  or  at  an  elevation  of  157  feet:  at  an 
elevation  of  170  feet,  the  average  widtli  is  about  H50  feet.  When  the 
St.  Lawrence  Power  Company's  canal  has  been  developed  to  its  maxi- 
mum capacity,  it  will  increase  the  discharge  of  Grass  River  by  25,300 
cubic  feet  per  second.  Polly's  Gut,  to  the  north  of  the  proposed  sail- 
ing course,  has  an  observed  velocity  of  10  feet  per  second.  The  maxi- 
mum observed  velocity  about  1,000  feet  above  the  New  York  and 
Ottawa  Railway  bridge  was  0.5  feet  per  second.  The  headroom  at 
this  bridge  is  approximately  40  feet  at  standard  low  water. 

Borings  taken  in  the  vicinity  of  St.  Regis  Island  and  near  the  sailing 
course  off  Clark's  Island  indicate  that  hard  material  may  be  encoun- 
tered down  to  Hamilton  Island,  and  that  below  this  island  the  material 
is  sand.  Therefore,  the  classification  of  material  below  Station  5930 
has  been  made  upon  this  basis. 

The  quantities  to  be  excavated  under  water  are: 

Hard  material,  2,007,839  cubic  yards,  at  25  cents  - ..  $501,960 

Sand,  1,980,485  cubic  yards,  at  15  cents -       297,073 

New  York  and  Ottawa  Railway  bridge 222, 888 

Total  estimated  cost  for  section  14 —  1, 021, 931 

SUMMARY  FOR  JW-FOOT  CHANNEL. 

Section  1 $9,837,532 

Sections .. 1,777,270 

Sections. 1,102,510 

Section  4... - -  648,763 

Section5 358,197 

Section  6 .- 991,237 

Section  7 --- --  202,443 

Section  8 -^ - - 3,924.915 

Section  9 : .- 1,680.858 

Section  10 53,117 

Section  11 -.  5,493,848 

Section  12. 2.802,217 

Sectionl3 .-     .  1,791,026 

SectionU 1,021.921 

Total-- 32.285.854 

Note.— The  difference  between  the  total  and  that  given  in  Table  No.  8  is  due  to 
not  carrying  the  mujtiplicatioii  out  further. 

DETAILED  ESTIMATES — 21-POOT  CHANNEL. 

The  center  line,  the  right  of  way,  the  dams,  and  the  general  river 
improvements  at  the  North  Galops  Channel  and  at  Long  Point  and 
Point  Rockwaj'  are  identical  with  the  same  items  in  the  estimate  of 
the  channel  of  30-foot  depth.  The  principal  exception  to  the  modifi- 
cation of  (quantities  caused  b}'  raising  the  grade  line  9  feet  is  a  canal 
of  25  feet  instead  of  21  feet  depth  from  the  entrance  to  the  land  canal 
at  Richards  Point  down  to  the  intersection  of  the  proposed  canal  with 
the  St.  Lawrence  Power  Company's  canal.     The  width  at  grade  is  215 
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feet,  and  its  sectional  area  0,680  square  feet.  This  increase  in  area 
is  made  in  order  to  decrease  the  velocity  through  the  proposed  canal 
when  the  power  canal  is  being  utilized  to  its  full  capacity.  The 
resulting  velocity  in  the  j^roposed  canal  is  o.78  feet  per  second,  and 
the  fall  from  Richards  Point  to  the  intersection  of  tlie  two  canals  is 
1  foot. 

This  reduces  the  difference  between  the  grade  lines  of  the  proposed 
canals  of  21  and  30  feet  depth  to  8.5  feet  instead  of  i)  feet  from  the 
intersection  with  the  power  canal  down  to  tlie  Massena  Valley  lock. 

The  yardage  of  rock  to  be  excavated  in  the  diy  is  not  as  large  as 
will  be  required  for  concrete  masonry,  stone  filling  in  docks  and  cribs, 
and  in  rock-filled  dams  on  sections  1,  2,  and  9.  C'onsiderable  rock, 
classified  under  "Excavation  under  water,"  could  be  excavated  in 
the  dry  by  building  protection  levees.  Also  on  these  sections  rock 
outcropi^ings  appear  within  short  distances. 

Rock  excavation  on  sections  o  and  7  will  about  equal  the  amount 
of  rock  required  for  slope  walls  and  stone  filling  in  the  guard  crib. 

The  rock  excavation  on  section  11  will  furnisli  but  a  small  per  cent 
of  the  amount  required  for  slope  walls  and  lock  construction,  while 
no  rock  exists  in  section  J 2.  No  rock  outcroppings  were  found  in  the 
vicinity  of  these  sections. 

The  estimated  quantities  and  <?ost  of  excavation  and  construction 
for  the  various  sections  follow: 

Table  No.  7. — Estimate  2 1-foot  channel. 
Section  1: 

Excavation  under  water — 

Rock,  921,00.")  cubic  yards,  at  $2.50 $3, 302. 512 

Hard  material,  400.091  cubic  yards,  at  25  cents 100, 023 

Clay,  29,292  cubic  yards,  at  15  cents 4.394 

Gravel,  49,610  cubic  yards,  at  15  cents 7,441 

Excavation  in  the  dry — 

Rock.  3,354  cubic  yards,  at  05  cents  . 2, 180 

Hard  material,  100.414  cubic  yards,  at  25  cents 25, 104 

Gravel,  6,747  cubic  yards,  at  15  cents - 1,012 

The  improvement  of  the  North  Galops  Channel,  the  same  as  for 

.     the  30-foot  channel 2,074,157 

Rock-filled  dams,  119,444  cubic  yards,  at  50  cents 59, 722 

Right  of  way,  same  as  for  the  30-foot  channel  .    15. 800 


Total  estimated  cost  of  section  1 4,  592, 345 


Section  2: 

Excavation  under  water — 

Hardpan,  12.200  cubic  yards,  at  $1 12,200 

Hard  material,  32,010  cubic  yards,  at  25  cents 8, 002 

Clay,  96,585  cubic  yards,  at  15  cents 14, 488 

Excavation  in  the  dry — 

Rock,  126,544  cubic- yards,  at  65  cents 82, 253 

Hardpan,  91.589  cubic  yards,  at  35  cents ..  32,056 

Hard  material,  82,122  cubic  yai-ds,  at  25  cents ,  . 20,-531 

Clay,  45,258  cubic  yards,  at  15  cents 6,78S 
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Section  2— Continued. 

Approaches  to  locks  (docks)  — 
Timber — 

Oak,  79,680  feet  B.M.,  at  $00  per  M $3,984 

Hemlock,  4,;J3(3,;J20  feet  B.  M.,  at  §23  per  M 100, 195 

Pine.  1 .606,032  feet  B.  M..  at  $30  per  M  48, 199 

Stone  fill,  Tl, 716  cubic  yards,  at  00  cents 43.050 

Iron  drift  bolts,  535,090  pounds,  at  3  cents 16, 053 

Retaining  walls,  6.233  cubic  yards,  at  $4 24,932 

Rock-filled  dam,  50.046  cubic  yards,  at  50  cents 25, 023 

Back  fill.  66,76)5  cubic  yards,  at  25  cents 16,692 

Lock  No.  1  (Sheldon  Island)  .  541,141 

Lock  ojierating  machinery : -.. 100,000 

Right  tjf  wav.  s;ime  as  for  30-foot  channel 7,700 


Total  estimated  cost  of  section  2 1, 103, 267 

Section  3,  same  as  for  30- foot  channel 1, 102, 510 

Section  4.  same  as  for  30-foot  channel 648,763 

Section  5: 

Excavation  under  water — 

Rock.  368  cubic  yards,  at  $2.50 920 

Hard  material.  iJ5,301  cubic  yards,  at  25  cents 6, 325 

Clay,  20,850  cubic  yards,  at  15  cents 3, 128 

Gravel.  7.965  cubic  yards,  at  15  cents 1,195 

Excavation  in  the  dry — 

Rock,  16.49  )  cubic  yards,  at  65  cents 10,722 

Hard  material.  563.546  cubic  yards,  at  25  cents 140.886 

Clay.  70.005  cubic  yards,  at  15  cents 10, 501 

Guard  crib  at  entrance — 
Timber- 
Hemlock,  498,460  feet  B.  M. ,  at  $23  per  M 11, 465 

Pine,163,536feetB.  M..at$30per  M 4,906 

Stone  fill,  7,860  cubic  yards,  at  GO  cents. 4,716 

Iron  drift  bolts,  58,485  pounds,  at  3  cents .  ..  1,  755 

Slope  walls,  8.125  square  yards,  at  $1.10 8.937 

Right  of  way,  same  as  for  the  30-foot  channel /. 3. 525 


Total  estimated  cost  of  section  5 _ 208, 981 

Section  6: 

Excavation  under  water — 

Rock,  104,513  cubic  yards,  at  $2.50 261, 282 

Hard  material,  322,999  cubic  yards,  at  25  cents 80,  750 

Clay,  16,640  cubic  yards,  at  15  cents .„  2.496 

Gravel,  10,753  cubic  yards,  at  15  cents 1, 613 


Total  estimated  cost  of  section  6 346, 141 

Section  7:  ~ 
Excavation  in  the  dry- 
Rock,  7.745  cubic  yards,  at  65  cents 5,034 

Hard  material.  197.880  cubic  yards,  at  25  cents 49,470 

Clay,  2,756  cubic  yards,  at  15  cents 413 

Gravel,  481,258  cubic  yards,  at  15  cents 72. 189 

Slope  walls.  11.500  square  yards,  at  $1.10 rj.  650 

Right  of  way.  same  as  for  30- foot  channel 5, 700 


Total  estimated  cost  of  section  7 145, 456 

H.  Doc.  149 27 
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Sections: 

Excavation  under  water — 

Rock,  447,990  cubic  yards,  at  $2.50 , §1,119.975 

Hard  material,  9.). 394  cubic  yards,  at  25  cents 23. 849 

Clay,  555,395  cubic  yards,  at  15  cents .  83. 30'.» 

Gravel,  153.856  cubic  yards,  at  15  cents 23, 078 

Excavation  in  the  dry — 

Rock.  49.027  cubic  yards,  at  65  cents 31 . 8(18 

Hard  material,  98.516  cubic  yards,  at  25  cents 24. 629 

Gravel,  74.604  cubic  yards,  at  15  cents 11, 191 

Right  of  way,  same  as  for  the  30-foot  channel 1 .  50  t 

Water-power  and  mill  properties,  same  as  for  the  30-foot  channel.  100. 0  u 

Total  estimated  cost  of  section  8 1, 419. 399 

Section  9: 

Excavation  under  water — 

Rock,  432  cubic  yards,  at  $2.50 1,080 

Hardpan,  52,771  cubic  yards,  at  $1 - 52, 771 

Clay,  23, 253  cubic  yards,  at  15  cents 3, 488 

Excavation  in  the  dry- 
Rock,  51,446  cubic  yards,  at  65  cents 33.440 

Hardpan,  206.135  cubic  yards,  at  35  cents. 72. 147 

Clay,  402.038  cubic  yards,  at  15  cents .  60, 306 

Approaches  to  locks,  docks,  and  cribs — 
Timber — 

Oak,  79,680  feet  B.  M..  at  $50  per  M 3.  984 

Hemlock,  5,635.240  feet  B.  M. ,  at  $23  per  M 129.  6 1 1 

Pine.  1,857,504  feet  B.  M.,  at  $30  per  M 55.725 

Stone  till,  95.967  cubic  yards,  at  60  cents 57. 580 

Iron  drift  bolts,  632,760  pounds,  at  3  cents 18. 9S3 

Rock-tilled  dam,  88,532  cubic  yards,  at  50  cents -  44.  266 

Back  fill.  124,636  cubic  yards,  at  25  cents 31.159 

Lock  No.  2  (Clarks  Point) 571, 506 

Lock  operating  machinery 100. 000 

Right  of  way.  same  as  for  the  30-foot  channel 4. 0  )0 

Total  estimated  cost  of  section  0 .. 1.240.096 

Section  10: 

Excavation  under  water,  hard  material,  494,765  cubic  yards,  at  25 

cents.... , 123,691 

Excavation  in  the  dry,  hard  material,  49.120  cubic  yards,  at25  cents.  12, 280 

Right  of  way,  same  as  for  the  30-foot  channel 375 

Total  estimated  cost  of  section  10 136. 346 

Section  11: 

Excavation  in  the  dry — 

Rock,  14,823  cubic  yards,  at  65  cents 9. 635 

Hardpan,  5,490,943  cubic  yards,  at  35  cents 1,921,830 

Hard  material.  3,226,583  cubic  yards,  at  25  cents 806, 646 

Clay.  7,479.665  cubic  yards,  at  15  cents -.--.  1,121,950 

Sand,  935,842  cubic  yards,  at  15  cents . . - 140. 376 

Gravel,  637,275  cubic  yards,  at  15  cents 95.591 
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Section  11— Continued. 
Guard  crib- 
Timber— 

Hemlock,  498.460  feet  B.  M. .  at  $23  per  M §11.  40.j 

Pine,  163.530  feet  B.  M. ,  at  *30  per  M 4. 906 

Stone  fill,  7,860  cubic  yards,  at  60  cents. 4, 716 

Iron  drift  bolts,  ">8.48")  pounds,  at  3  cents. 1, 755 

Embankinent,  574,420  cubic  yards,  at  15  cents . 88, 163 

Slope  walls,  •:-12.518  square  yards,  at  $1.10 233.770 

Surface  drainage,  same  as  for  the  30-foot  channel 200 

Right  of  way.  same  as  for  the  30-foot  channel 83, 250 

Highways,  same  as  for  the  30-foot  channel 920 

Highway  crossings,  same  as  for  the  30- foot  channel 20, 000 


Total  estimated  cost  of  section  11 4, 543, 173 


Section  12: 

Excavation  in  the  dry — 

Rock,  18.888  cubic  yards. at  65  cents 12,277 

Hardpan,  666,739  cubic  yards,  at  35  cents 233, 358 

Hard  material,  201,647  cubic  yards,  at  25  cents 50, 412 

Clay,  816,135  cubic  yards,  at  15  cents 122, 420 

Sand.  71,855  cubic  yards,  at  15  cents 10. 778 

Approaches  to  locks,  docks,  and  cribs- 
Timber— 

Oak.  79,680feetB.M.,  at  $50  per  M 3,984 

Hemlock,  5.393,320  feet  B.  M.,  at  $23  per  M 134. 046 

Pine,  1,184,664  feet  B.  M.,  at  $30  per  M 35, 540 

Stone  fill,  92.120  cubic  yards,  at  60  cents 55, 272 

Iron  driftbolts,  608.820  pounds,  at  3  cents 18. 264 

Lock  No.  3  (Massena)  _                  ._  1,086.042 

Lock-operating  machinery 100.000 

Back  fill,  399,890  cubic  yards,  at  25  cents 99. 973 

Right  of  way.  same  as  for  the  30- foot  channel                                 . .  13. 725 


Total  estimated  cost  of  section  12.  _ 1. 966, 091 


Section  13: 

Excavation  in  the  dry — 

Hardpan,  983,931  cubic  yards,  at  35  cents .  344. 376 

Hard  material.  239,485  cubic  yards,  at  25  cents 59. 871 

Clay,  5,722,842  cubic  yards,  at  1 5  cents 858, 426 

Sand,  463,422  cubic  yards,  at  15  cents .  69,513 

Slope  walls,  54,100  SI luar    yards,  at  $1.45 78,445 

Right  of  way,  same  as  for  the  30-foot  channel 29, 475 


Total  estimated  cost  of  section  13 _ 1.440,106 

Section  IJf. — From  the  existing  charts  no  excavation  is  found  neces- 
sary for  a  ship  canal  of  -1  feet  (l<'])t]i  from  th«'  .'ml  <>f  <..('tion  l."Mo 
Stalion  7283. 

New  York  and  Ottawa  Railway  bridge.  $222. 888 
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SUMMARY  FOR  21- FOOT  CHANNEL. 


Section 
Sec"  ion 
Section 
Section 
Section 
Section 
Section 
Section 
Section 
Section 
Section 
Section 
Section 
Section 


84, 
1, 


592. 345 
103. 267 
102, 510 
648, 763 
208, 981 
346, 141 
145, 456 
419, 399 
240, 096 

136. 346 
543. 173 
966, 091 
440, 106 
222, 888 


Total , 19.115,562 

Note. — The  difference  between  the  total  and  that  given  in  Table  No.  9  is  due  to 
not  carrying  the  multiplication  out  farther. 

Tables  Nos.  8  and  9  give  a  summary  of  the  quantities  and  costs  of 
the  30  and  21  foot  channels,  respectively. 

Table  No.  10  gives  the  location,  lifts,  and  costs  of  the  various  locks 
for  both  30  and  21  foot  channels. 

Tables  Nos.  11  and  12  give  a  classification  of  the  kinds  of  channels 
of  the  proposed  30  and  21  foot  channels,  respectively. 

Table  No.  8. — Summarii  of  quantities  and  cost — oO-foot  channel. 


Classirioation  of  material. 


Unit  of  quan- 
tity. 


Quantities  in  section- 


4. 


Excavation  under  water : 

Rock 

Hardpan 

Hard  material 

Clay 

Gravel 

Excavation  in  the  dry: 

Rock 

Hardpan 

Hard  material 

Clay 

Gravel 

Backfill 

Retaining  walls 

Slope  walls 

Docks  and  cribs: 

Oak 

Hemlock 

Pine 

Stone  fill 

Iron,  driftbolts 

Rock-filled  dams 

Right  of  way 

Isiandsnear  Galops 


Cubic  yards. 

.....do 

do 

do 

....do 


do 

do 

do 

do 

do 

do 

do.. 

Square  yards 


B'eetB.M... 

do 

do 

Cubic  yards. 

Pounds  

Cubic  yards - 
Acres 


3,506,.%0 
i,'325.'388' 

"'m,im' 

617,480 
"'963,' 407' 
'""41  .'lis' 


61,348 


33,459 

112, T8«  I  818,948 

311,926  1,101,611 

89,64;3    7,160 

6,144  


33,626 


267,8.50  

106,492  680,631 

85,993  

48,911  277,110 


105,128 
4,849 


119, 444 

124 

$6.50(J 


79,680  '. 

5,588,962  . 

1,594,432  . 

88.441  '. 

652.005  !. 

50,046  1. 

$6,  £.jO  ! . 


36 


105,317 


46,245 
5?, 860 

I  28,275 

104,195 


59.5,036  638,665 
75,560 


37 


8,125 


.5.38.620 

163,  .536 

8,400 

62,5a5 


47 


340.557 


497. 450 
90,a50 
12,868 
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Tabi.e  No.  8. — Summary  of  quantities  and  cost — JfMfoot  channel — Continued. 


Classiflcatiun  of  material. 

Unit  of  quan- 
tity. 

Quantities  in  section— 

7. 

8. 

it 

10.       j        11. 

12. 

Excavation  under  water : 
Rock 

Cubic  yards.. 

1,396,943 
301,827 
71.5,477 
236,336 

113,883 

144, lOO 
172,069 

9, 7.50 

Hard  matei'ial 

do 

2,437,748 

Clay 

.....do 

Ct  ravel 

do 

Excavation  in  the  dry: 
Rock          

do 

61,129 

129,  .515 

221,494 

34..55J 

515,ir2:j 

187  OfiO 

99,810 
775,04;j 

do 

6. 895;  286 

75,720  :5.9iU.74t 

do 

217,969 
3,404 

106,736 

3<lti.l72 

Clay 

do 

8.518.415 
9,5t>.  364 
610, 9a3 
586.927 

l.ltiO,  101 

Sand 

do 

Gravel . 

....do 

595,707 

80.808 

Embankments 

do 

Backfill 

...do 

195,878 
4,490 

488,410 

Retaining  walls 

do 

::::::::::  :::::::::: 

Slope  walls 

Docks  and  cribs: 
Oak    

Square yards 
Feet  B.  M 

11,500 

212,120 

71.280 

79,680 

....do 

5,  919 

868 
4->8 

68:i,.376 

16:i,.536 

10,a50 

76.:i85 

4.6 

1 

7,016.:J04 

Pine 

....  do 

1,577 

1,778.124 

Stone  fill 

Cubic  yards.. 

90,9*5 
660,987 

115,:M8 

Iron,  driftbolts 

749,  (r20 

Highwavs 

Miles       

Ferry  (at  highway  cross- 
ing). 
Rock-filled  dams 

CuV)ic  yards.. 
Acres  

88.532 
54 

Right  of  waj-  - 

76 

21) 
8100,000 

5 1    1,110 

183 

Water  power,  etc 

Drainage ; 

$200 

Clansification  of  material. 

Unit  of  quan- 
tity. 

Quantities  in  sec- 
tion— 

Total 
quantity . 

r.-nin^        Amount. 

13.                 14 

Excavation  under  water: 
Rock 

Cubic  yards . . 

5,384,463 
931.736 
8.174,i:W 
1,127,  .5.59 
1.980,485 
389,673 

1,686,239 

10..567.;i^2 

7.  (W,  470 

16.8:55.420 

1.48(l.(>2r 

1,328.  .560 

586.927 

789.416 

9,!«9 

285,598 
230.640 

$2.50 
1.00 
.25 
.15 
.15 
.15 

.65 

.3o 

.25 

.15 

.15 

.15 

.15 

.25 

4.00 

1        1.10 

\       1.45 

1.50.00 
>23.00 
>  30.  (Ki 

81 

3.461.1.57 
931  7;it5 

Hardpan 

do 

....  do 

2,007 

.839 

2,Wi.it3i 

riav 

....do 

169.  i:${ 

Sand 

do 

1,980 

,485 

297. 073 

Gravel 

.do 

58,4.51 
1.096  056 

Excavation  in  the  dry: 
Rock  ..,.. 

do 

Hardpan 

Hard  material 

do 

do 

1,888,411 

41,473 

6.295,996 

451,6fe6 

3  698  573 

1.7.57.617 

Clav 

...  do 

2  525  313 

Sand 

do 

222  094 

Gravel 

do 

199  284 

do 

j 

8H  (C59 

Backfill 

do 

1 

197  :i54 

Retaining  walls 

Slope  walls 

Docks  and  cribs: 

Oak 

.      do 

1 

3"  :i56 

Square  yards 

Feet  B.M... 
do 

53.853 

333,006 
11  iyS 

Hemlock 

;::::::::::i::::;::::::: 

19. 747, 1:50 

4-54  184 

Pine 

do 

5,277.0.5ti 

3i:i..524 

2,2(X),982 

li>'<  311 

Stone  fill 

Cubic  yards. - 

.60 

188  114 

Iron,  driftbolts    . 

Pounds  . 

.03 

66  9'''9 

Lock  No.  1  (Sheldon  Is- 

916 888 

land),    operating    ma- 
chiuerj,-  included. 
Lock    Js  0.    2    ( C 1  a  r  k  s 

9*>4  00:3 

Point  1.  operating  ma- 
chinery included. 

Lock  No. 3  ( Massena), op- 
erating machinery  in- 
cluded. 

Highways 

Ferrv  ( at  highwav  cross- 

1  767  4>" 

Miles 

1 

4.6 

1 

258.022 

2. 105 

#12. 700 

100.000 

200.00 

930 

20  000 

nig». 
Rock-filled  dams 

Cubic  yards  . 

: 

.50 
75.00 

129  Oil 

Right  of  way 

Acres 

393 

1.57  )*'h 

Islands  near  Galops 

12  70O 

Water  power,  etc 

:::::::::::: ::::::::::: 

100,  OUT) 
200 

Drainage 

j200 
1 

Railroad  bridge 

1 

^T*  888 

- 

Total 

.i.. 

3 

2,285,853 

■ 

I'er  1  ( Km  feet. 
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Table  No.  9. — Summary  of  quantities  and  cost — 31-foot  channel. 


Classification  of  material. 

Unit  of  quan- 
tity. 

Quantities  in  section— 

1. 

2. 

3. 

4. 

5. 

6. 

Excavation  under  water: 
Rock          

Cubic  yards.  - 
do 

1,487.913 

61,348 

368 

104,513 

12,200 
32,010 
96,585 

8i8,948 

Hard  material 

....  do 

626,896 
29,292 
49,610 

595, 798 

1,101,611 

25.;301 

20,850 
7,905 

16,496 

322.999 

Clay      

do 

7,160 

16,640 

do 

10,753 

Excavation  in  the  dry: 
Rock       

do 

126,544 
91,589 

82,122 
45,258 

105,317 

do      .. 

680,631 

Hard  material  

..  .  do.. 

960,803 

595,086 

563.546 
70,  (K© 

Clay        

do 

277,110 

.....do 

6,747 

Back  fill 

do 

66,768 
6,233 

do      ..  .. 

Square  yards 
Feet  B.  M 

8,125 

'498,'466" 

163,536 

7,860 

58,485 

Docks  and  cribs: 

Oak             

79,680 

4,3.56.320 

1,606,632 

71,716 

5a5.090 

50.046 

20 

S6,200 

do 

Pine  

do 

Stone  fill             

Cubic  yards. 

Iron,  driftbolts 

Pounds  

Cubic  yards.. 
Acres 

119, 4t4 
124 

$tl.5(J0 

36 

37 

47 

Islands  near  Galops 

Classiflcation  of  material. 

Unit  of  quan- 
tity. 

Quantities  in  section— 

7. 

8. 

9. 

10. 

11. 

12. 

Excavation  underwater: 
Rock 

447,990 

432 
52,771 

"23^253' 

Hardpan         

.  do      

Hard  material .. 

...    do     

93,394 
555,395 
153,856 

49,027 

494,765 

Clay 

do 

do 

Excavation  in  the  dry: 
Rock   

do 

7,745 

51,446 
206,135 

14,823 

5,490,943 

3,226.58;j 

7,479,665 

935,842 

637,275 

574,420 

18,888 

..    do      .  ... 

"'49ii26" 

666  739 

Hard  material      .  

do 

do 

197,880 
2,756 

98.5i6 

201,647 

Clav 

402,038 

816, 135 

do 

71,855 

do 

481,258 

74,604 

Embankments    . 

...  do 

Back  fill     

do 

124,636 

399,890 

Square  yards 
Feet  B.  M.... 

11,500 

212,518 

Docks  and  cribs: 

Oak 

79.680 
5,635,240 
1,857.504 

95,967 
632,760 

79,680 

Hemlock 

do.  . 

498.460 

163,536 

7,860 

58,485 

4.6 

1 

5, 393. 320 

Pine          

do 

1,184,664 

Stone  fill       

93,120 

608,820 

Ferry  (at  highway  cross- 

ing*. 



88,532 
54 

^Right  of  way 

Water  power,  etc      . 

Acres  

76 

20 
$100,000 

5 

1,110 

183 

$20(J 

DEEP    WATERWAYS. 


423 


Table  No.  9. — Summary  of  quantities  and  cost — Jl-foot  channel — Continued. 


Classification  of  material. 


Unit  of  (inan- 
tity. 


Quantities  in  sec- 
tion— 


13. 


14. 


Total 
quantity. 


Unit 
price. 


Amount. 


Cubic  yards. 

do 

do 

.....do  

.....do 


-do. 

-do 

.do. 

do. 

do. 
.do. 
.do. 
.do. 
.do. 


Square  yards 


Excavation  under  water: 

Rock  

Hardpan :. 

Hard  material 

Clay 

Gravel 

Excavation  in  the  dry: 

Rock  

Hardpan  

Hard  material 

Clay 

Saud 

Gravel 

Embankments 

Backfill 

Retaining  walls 

Slope  walls 

Docks  and  cribs: 

Oak FeetB.M. 

Hemlock do. 

Pine I do 

Stone  fill '  Cubicyards. 

Iron  driftbolts t  Pounds 

Lock  No.  1  (Sheldon  Is-  | 

land),    operating    ma- 
chinery included. 

Lock     ]So.    2     iClarks    

Point),  operating   ma- 
chinery included. 

Lock    No.   3    (Massenal,    

operating  machinery  in- 
cluded. 

Highways Miles 

Ferry  i  at  highway  cross-  | 

ingi. 

Rock-ftlled  dams Ciibicyards. 

Right  of  way Acres 

Islands  near  Galops 

Water  power,  etc 

Drainage 

Railroad  bridge 


»83,931 

239,485 

5,722,842 

4«3,422 


54,100 


Total 


393 


2,102,5«4 
883,919 

2,698.97(5 
749,175 
222,184 

986,084 

8,119,968 

6,214.7;« 

14.815,809 

1,471,119 

1,199.884 

.574,420 

591,294 

6,2;W 

286,243 

239,  (MO 
16.381, 8(  XI 
4,975.872 

275, 52:1 
1,893!  640 


4.6 
1 

258,  (e> 

2. 105 

12,7(10 

SKJO.OOO 

SI2(X) 

1 


J2..50 

1.00 

.25 

.15 

.15 

.65 

.a') 

.25 

.15 

.15 

.15 

.15 

.25 
4.00 
1.10  \ 
1.45  / 

'50.00 
"23. 00 
'30.  (XI 

.60 

.03 


200.00 


.50 
S75.00 


$5,256,410 
88;i,!tl9 
674, 744 
112,:{76 
;«.327 

640,9.54 

2,841.988 

1.5.5:1,684 

2,222,371 

220.6«i7 

179,982 

86, 16:J 

147,823 

21,932 

333,802 

11.952 
376, 781 
149.276 
lti'..314 

5«5. 809 
641.141 


671,506 


1,186,042 


920 
20,  (XX) 

129,011 

157. 875 

12.700 

100,(100 

200 

222,888 


19, 11.5,  ,557 


»Per  1,(XX)  feet. 
Table  No.  10. 


No.  of  I 
lock.  1 


Location. 


Station. 


1 1  Sheldon  Island 

2 Clarks  Point  .. 

3 Mas.sena 


3779 
4;)72 
5.508 


Kind. 


Single - 

.'.'.'.ao'.'. 


Elevation  (stand- 
ard low  water). 


Above. 


242.7 
22.5.7 
204.5 


Below. 


233.0 
2i:j.9 
l.'K5.  8 


Lift,  in 

feet. 


9.7 
11.8 
47.7 


■  Length 
of  level, 
ill  iiiilos. 


11.3 
21.5 


Cost  of  locks. 


No.  of  hxk 

30- foot             21-tiM,t 
<hannel.         channel. 

machniery 

1 

1 
?81rt,888            81541.141 
StUAm             471,506 
1,667.422          1.08«!.O42 

§100,000 
100.  OCO 
1(«,(XX) 

» 

3 

Total 

3,;J48.313 
3(X),000 

2.198.(589 
300,000 

300,000 

Operating  uiacli  iner  v 

T..tal.-..st 

3.648.313 

2,496,689 

Stations  showing  location  of  head  of  locks,  as  given  in  Table  No.  10,  are  for  the.'XVfoot  channel. 
The  location  of  the  locks  fur  the  21-foot  channel  does  not  correspond  exaitlv  witli  tli.>  l.Hks.if 
the  30-foot  channel. 


424 


DEEP    WATERWAYS. 
Classification  of  channel,  30'foot  depth. 


station. 


From- 


l). 
3481- 
3498. 
3572 


r«2+29. 


3819 

3856 

3885 

3999 

4066 

4206 

4213 

4229 

4257 

4278 

4a56+10... 
4395+81... 

44(50 

4470 

4481 

4490 

4610 

46'26 

4643 

4721 

4760 

4916. ...-.- 

4933 

5055 

5075 

5490+60... 
5532+31... 

5633 

5635 

5668- 

5674 

5682 

5695 

5702 

5717 

5831 

5844 

5851 

5872 

5885 

5893 

5909 

5932 

5955 

5983 

6204 

6240 

6268- 

6288 

6327 

6370 

6378 

6388 

6453 

64<U. ...... 

6473 

6482 

66:30- 

6703 


7010- 
7016. 
7028. 


Total  feet- 
Total  miles  , 


To- 


3481 

3498  .... 

3572 

37(52+29. 

3802...  . 


:M9 

385(5 

;*<8. 

3!»it9 

4(N56 

4206 

4213 

4229 

4257 

4278 

4;i')«+10. 
4:J95+81. 

44<i() 

4470 

44«1 

4490 

4<ilO 

4«26 

464:3 

4721 

47(50 

4916 

4933 

5055 

5075 

5490+60. 
55:12+31. 

56:B 

5635 

5668 

5674 

5682 

5695 

5702 

5717 

5831 

5844 

5851 

5872 

5885 

5893 

5909 

.59:52 

5955 

5983 

ti2(H 

6240 

62(58 

6288 

63:27 

6370 

6378 

6:388 

6453 

64(54 

6473 

6482 

6630 

6703 

6975 

7010 

7016 

7028- .  .. 
70S3 


Open       Improved  '  ^^(;;«j;^4     Lock  and 
water.  river,      f^'^^'     p^ot^hes. 


348,100 
"'7,'4(l6' 


3,700 


11.400 


14,000 


1,000 


900 


l.tSOO 


.800 


15,600 


12.200 


3,300 


800 


700 


ll,4tl0 


700 


1,300 


1,600 


,300 


22.100 


2.800 


3,900 


800 


6,500 


900 


14,800 


27,2a) 


600 


25,500 


550,900 
104.34 


l,70(t 
'i9,'029' 


1,700 


2.900 


6,700 


700 


2,800 


7,810 


6,419 

'i,"io6' 


12,000 


1,700 


3,900 


1,700 


2,000 


200 


600 


1,300 


1,500 

*i,"366* 


2,100 


800 


2.300 


2,800 


3,600 


2,000 


4,300 


1,000 


1.100 


900 


7,300 


3,500 

'i,'266" 


109,958 
20.82 


3,971 


1,600 


2,100 


3,971 


41,560 
'i6,'669' 


4,171 


55,329 

10. 48 


12.113 
2  30 


1>KK1'    W  AlKKWAVS. 
Classification  of  channel,  21-foot  depth. 
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Station. 

Open 
water. 

Improved 
rivor. 

Canal 
earth  sec- 
tion. 

Lock  and 

l'"roiii — 

To- 

proaches. 

0 

a574 

857,400 

3574 

3763 +  2!i J 

18,929 

3763  +  29                  

3tJ01  +  30         

3,801 

3801  +  30-.  

3856 

5,470 

3836      

3885                              

2,966 

8885 

399!j               

11,400 

4066               

6,700 

4066 

4209                       

14,3(J0 

4209 

4213                

400 

4213 

4229        

1,666 

4229 

4257 -- 

2,800 

4257 

4278 

2,100 

4278       

4348                                

7,000 

4348 

4362  +  10      1 

1.410 

4362+10 

4400  +  11 

3,801 

4400+11 

4455.  

5,489 

4455  

4.531 

7,600 

5431 

4.535 

400 

45a5 

4569 

3,400 

4569 

4578                         

900 

4578 

4726  

14,800 

472() 

4748                  

2,266 

4748 

4916                

16.8CH) 

. .  . 

4916 

4919    

300 


4919 

50.55  

13,600 

5<IV> 

5062 

700 

5(l«i2 

.50*55 

300 

5065 

.5075 

1,666 

5075.     - 

.5491  +  60 

41.660 

5491  +  60 

.5.5:11  +61 



4.001 

.5.531+61 . 

5633...     . 



10,139 

5633 

7283 



ItiS.OOO 

Total  feet 

Total  miles 

611.480 
115.81 

49,718 
9.42 

5.5.499 
10.51 

11.603 
2.20 

111  conclusion,  Edw.  B.  Hitchcock,  Glenn  D.  Holmes,  in.striiment 
men;  Charles  F.  Howe  and  George  A.  Hammond,  superintendents  of 
borings,  and  John  Y.  Bajiiss,  George  D.  AVilliams,  and  "William  P. 
l^oright,  recorders,  should  be  mentioned. 

I  would  acknowledge  the  favors  extended  and  tJie  information  fur- 
nished by  Mr.  Tom  S.  Rubidge,  sui^erintending  engineer  of  the  St. 
Lawrence  district,  Cornwall,  Ontario,  regarding  Canadian  gauge  read- 
ings and  soundings  through  a  portion  of  Lake  St.  Francis. 
Very  respectfully, 

J.  W.  Be.\rdsley, 
Assistant  Engineer. 

The    lioAKO    (^i¥  t.NCil.NEEKb    U.N    DEEI'    WATERWAYS. 


Appendix  No.  12. 

champlain  route,  northern  division. 

Detroit,  Mich.,  Juhj  Q7,  1809. 
Gentlemen:  I  have  the  honor  to  submit  the  following  report  in 
regard   to   the  surveys   and   estimates  of  the  cost  of  a  ship  canal 
between  Lake  Chaiii[)lain  and  the  St.  Lawrence  River. 
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A  study  of  maps  of  tlie  region  between  Lake  Chaniplain  and  the  St. 
Lawrence  Kivei-  in  the  State  of  New  York  shows  the  country  to  be 
mountainous  and  entirely  impracticable  for  a  ship  canal. 

The  country  immediately  north  of  the  international  boundary  line 
is  quite  high  and  rolling,  with  deep  valleys.  The  drainage  of  tliis 
region  is  to  the  north  and  northeast.  The  most  important  topo- 
graphical features  are  a  series  of  nearly  parallel  glacial  valleys,  with 
ridges  of  rock  between,  running  nearly  north  and  south  in  the  eastern 
portion,  but  swinging  to  about  northeast  and  southwest  as  the  St. 
Lawrence  is  apjiroached. 

At  a  distance  of  about  10  miles  north  of  the  boundary  line  the  hills 
break  down  and  the  country  becomes  generally  level. 

Li  the  hillj"  country  adj^acent  to  the  boundary  line,  and  about  10 
miles  west  of  the  village  of  Chaniplain,  N.  Y.,  are  found  the  head- 
waters of  the  Chazy  River,  which  empties  into  Kings  Bay,  Lake  Cham- 
plain  ;  the  La  CoUe  River,  which  flows  a  little  north  of  east  and  empties 
into  the  Richelieu  River;  the  Little  Montreal  River,  which  flows  first 
north,  then  northeast,  and  empties  into  the  Richelieu  River;  Norton 
Creek,  which  flows  parallel  to  and  about  2  miles  west  of  the  Little 
Montreal  for  about  10  miles,  where  it  turns  to  the  west  and  empties 
into  the  English  River,  which  flows  nearly  northwest  and  empties  into 
the  Chateauguay  River. 

A  careful  examination  of  the  country  bounded  on  the  north  b}'  Nor- 
ton Creek,  south  by  the  international  boundary  line,  east  by  Nortdii 
Creek,  and  west  by  the  Chateauguay  River  showed  that  there  was 
no  practicable  line  for  a  canal  south  of  Norton  Creek. 

From  a  point  on  Norton  Creek  near  Aubrey  Station  to  the  St.  Law- 
rence River  at  Lake  St.  Francis  the  country  is  in  general  a  plain,  much 
of  the  distance  below  the  level  of  Lake  St.  Francis.  About  midway 
between  these  points  is  the  valley  of  the  Chateauguay  River,  which 
is  40  feet  below  the  level  of  Lake  St.  Francis. 

A  line  draw^i  from  the  mouth  of  the  Chazy  River  to  a  point  on 
Norton  Ci-eek  where  it  turns  to  the  west  was  found  to  pass  near  low 
divides  between  the  heads  of  adjacent  streams  and  to  offer  a  jiractica- 
ble  route.  This  is  essentially  the  route  suggested  by  the  commission 
of  1S9G. 

From  Aubrey  to  Lake  St.  Francis  the  route  suggested  by  the  com- 
mission of  1896  did  not  appear  to  be  the  best,  inasmuch  as  it  kept  to 
the  north,  getting  on  ground  so  low  that  embankments  from  15  to  25 
feet  in  height  would  be  required  for  many  miles.  On  this  account  it 
was  thought  best  to  keep  farther  south  and  get  on  higher  ground. 

Standard  low  water  in  Lake  St.  Francis,  which  is  practically  low 
water  during  season  of  navigation,  is  152.39  feet  above  mean  tide  at 
New  York.  The  summit  level  for  the  canal  has  therefore  been  taken 
as  152.4,  and  an  effort  made  to  keep  on  ground  which  would  give 
embankments  of  reasonable  height.  From  Aubrey  to  Ormstown  the 
country  immediately  adjoining  the  plains  is  a  solid  mass  of  rock  at 
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an  elevation  of  220  feet  or  more.  The  survej's  were  kept  as  close  to 
this  rock  as  practicable.  From  Aubrey  to  Champlain  the  country  is 
all  above  the  level  of  the  lake,  and  the  line  was  kept  on  the  lowest 
ground. 

The  surveys  have  been  made  with  a  degree  of  care  commensurate 
with  the  importance  of  the  work,  and  in  accordance  with  the  "General 
instructions  to  field  i)arties"  (Appendix  No.  9). 

The  levels  were  run  in  one  direction  and  checked  in  the  reverse 
direction.     The  limit  of  error  allowed  was 

C'=0.05  feetx  ^distance  in  miles. 
The  error  was  not  allowed  to  exceed  this  amount,  either  for  the  whole 
or  any  part  of  the  line. 

The  levels  were  started  from  the  United  States  Coast  and  Geodetic 
Survey  bench  mark  on  the  Chapman  Block  at  Rouse  Point,  N,  Y., 
with  an  elevation  of  110.06.  The  field  maps  and  profiles  have  all  been 
referred  to  this  datum.  A  later  determination  of  the  elevation  of 
this  bench  nuirk,  made  under  the  direction  of  Mr.  C.  L.  Harrison, 
gives  the  elevation  above  mean  tide  in  New  York  Harbor  as  108.95, 
wiien  referred  to  the  bench  mark  at  Greenbush,  N.  Y.,  with  an  eleva- 
tion of  14.73.  All  elevations  used  in  this  report  will  be  referred  to 
the  later  datum. 

At  Valleyfield  connection  was  made  with  a  bench  mark  on  lock 
No.  14,  Beauharnois  Canal,  established  by  Mr.  Thomas  Monro  in 
1891,  by  a  line  of  levels  brought  across  from  the  Chapnmn  Block 
bench.     Our  elevation  was  0.121  foot  higher  than  his. 

From  one  of  our  benches  near  St.  Stanislas  we  carried  a  line  of 
levels  to  Hogansburg,  N.  Y.,  to  connect  with  a  bench  mark  which 
had  previously  been  established  by  Mr.  David  Molitor. 

Wherever  the  country  seemed  to  offer  a  choice'of  locations,  alternate 
lines  were  run  and  the  topography  developed. 

The  original  base  line  between  Ormstawn  and  Lake  St.  Francis  was 
run  via  St.  Stanislas.  An  alternate  line  beginning  about  2  miles 
west  of  Ormstown  was  run  to  the  lake,  a  distance  of  9.3  miles.  This 
line  is  the  one  used  for  the  location.  Another  line  beginning  about 
4  miles  east  of  Ormstown  was  run  to  the  lake,  a  distance  of  16 
miles.  This  line  kept  to  the  north  of  the  other  lines  on  lower  ground, 
and  the  embankment  was  found  to  be  excessive.  On  this  account  no 
topography  was  taken.  For  most  of  the  distance  it  was  outside  the 
limits  of  the  maps  and  is  not  sliown. 

The  total  length  of  base  line  run  and  leveled  was  74.61  miles. 

In  addition  to  this  a  stadia  line  about  9  miles  long  was  run, 
and  topography  taken  to  develop  what  is  known  as  the  '"Bogtown 
line."  It  was  thought  that  this  line  would  give  less  rock  excavation 
than  the  base-line  route,  but  this  proved  not  to  be  the  case. 

The  proposed  location  of  the  canal  in  Lakes  Champlain  and  St. 
Francis  was  covered  In'  soundings.  These  soundings  are  reduced  to 
elevations  above  mean  tide  at  New  York.     They  were  carried  out  to 
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a  point  such  that  the  elevation  of  the  bottom  was  well  below  that 
of  the  established  grade.  The  United  States  Coast  and  Geodetic  charts 
of  Lake  Champlain  and  the  Canadian  charts  of  the  northern  end  of 
Lake  St.  Francis,  furnished  by  Mr.  Thomas  Monro,  together  with  a 
line  of  soundings  from  the  southern  end  of  the  Canadian  chart  t) 
Cherry  Island,  show  a  sufficient  depth  of  water  along  the  sailing  line. 

Borings  to  determine  the  character  of  the  materials  to  be  excavated 
have  been  made  at  intervals  of  1,000  feet  or  less  on  all  lines  projected 
and  covering  a  width  of  from  half  a  mile  to  a  mile.  These  have  in  all 
eases  been  carried  to  rock  or  to  the  proposed  bottom  of  the  canal. 
Samples  of  the  materials  from  all  holes  have  been  preserved  and 
properly  labeled  for  identification. 

In  all  1,387  borings  were  made.  In  addition  to  1  hese,  four  diamond- 
drill  borings  have  been  made  to  determine  the  character  of  the  rock. 
These  holes  were  located  as  follows : 

No,  1,  near  station  0004  of  the  proposed  canal  location. 

No.  2,  near  station  0348  of  the  proposed  canal  location. 

No.  3,  near  station  9075  of  base  line,  at  Holton  Station,  on  the 
Canadian  Atlantic  Railway. 

No.  4,  near  station  810G  of  canal  location  at  the  crossing  of  the 
Chateauguay  River. 

A  report  of  these  borings  has  been  submitted,  in  Appendix  No.  19, 
by  Mr.  R.  C.  Smith,  under  whose  direction  they  were  made. 

CONDITIONS   GOVERNING  THE   LOCATION. 

Lake  Champlain. — The  lowest  water  ever  recorded  in  Lake  Cham- 
plain  was  on  October  12, 1880,  when  the  reading  on  the  gauge  was  0.14, 
(Ai^pendix  No.  7,  Report  of  the  United  States  Coast  and  Geodetic 
Survey,  1887,  p.  170.)  The  zero  of  the  gauge  is  93.501,  and  low  water 
93.361.  The  Coast  Surve}'  report  gives  the  elevation  of  the  zero  of  the 
gauge  as  94,53, 

I  had  a  line  of  levels  run  from  the  Chapman  Block  bench  to  zero  of 
gauge  and  checked  bj^  reverse  running,  the  two  agreeing  Avithin  0,028 
foot.  Using  the  mean  of  the  two  runnings,  the  elevation  of  the  zero 
of  the  gauge  as  compared  with  the  Chapman  Block  bench  is  94.61,  or 
0.08  foot  higher  than  the  elevation  as  given  by  the  Coast  Survey. 
Applying  the  correction  of  1,100  to  reduce  to  Greenbush  bench,  our 
elevation  of  the  zero  becomes  93,501,  as  stated,  and  low  water  03.361, 
The  highest  water  recorded  appears  to  have  been  on  May  4,  1869, 
This  was  i)rior  to  any  records  being  kept  at  Fort  Montgomery,  It  was 
recorded  at  the  railroad  bridge  of  the  Central  Vermont  Railroad  at 
Rouse  Point,  and  is  given  as  being  9,25  feet  above  low  water  of  Octo- 
ber 12,  1880  (Report  of  United  States  Deep  Waterways  Commission, 
1896,  p.  124),  making  extreme  high  water  102,611. 

This  elevation  appears  to  be  well  authenticated. 

Lake  St.  Francis. — The  report  of  the  Canadian  Deep  Waterways 
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Coininissioii  ijivos,  on  the  authority  of  Thoiiuis  Moiii-o,  es«i.,  iiu'iuber 
of  the  comuiission  and  eiii^iiieer  of  the  Soulaiij^es  Canal: 

Extreme  low  water,  November,  181*5,  151,88—0.988  =  150.892. 

Extreme  hi«ih  water,  15().8O—O.0SS  ^  155.812. 

The  correction  of  0.988  was  arrived  at  as  follows: 

At  Vallej'fteld  our  levels  wereO.121  foot  higher  than  the  bench  mark 
established  by  Mi-.  Monro,  which  being  subtracted  from  1.109,  thec<n-- 
rection  for  Rouse  Point  bench,  gives  0.988  foot. 

The  elevations  of  some  of  the  principal  points  will  be  given  below 
for  more  convenient  reference.: 

Bench  mark  on  Chapman  block,  Rouse  Point 108. 951 

Bench  mark.  United  States  Engineers,  Fort  Montgomery 94. 998 

Upper  miter  sill,  lock  No.  l,Sr.  Johns' 86.278 

Zero  of  United  States  Engineers'  gauge,  Fort  Montgomery 93. 501 

High  water.  Lake  Champlain 102.611 

Low  water,  Lake  Champlain 93. 361 

High  water.  Lake  St.  Francis. 155.812 

Low  water.  Lake  St.  Francis 150.892 

Standard  low  water.  Lake  St.  Francis 152. 390 

Bench  mark  on  lock  No.  14.  Valleyfield 155.682 

Datum  plane  for  Coast  Survey  charts.  Lake  Champlain 93. 861 

In  order  to  les.'^en  the  excavation  between  Whitehall  and  Albany, 
as  well  as  the  dredging  in  Lake  Champlain,  it  is  desirable  to  keep 
the  lake  at  as  high  an  elevation  as  practicable.  For  this  reason  it 
was  directed  by  the  Board  that  estimates  be  based  on  maintaining 
the  low-water  stage  of  Lake  Champlain  at  an  elevation  of  100  feet 
above  mean  tide  at  New  York  by  regulating  works  near  the  foot  of 
the  lake. 

It  would  not  be  practicable  to  raise  the  level  of  Lake  St.  Francis, 
nor  would  it  be  desirable  to  increase  the  height  of  the  embankments 
across  the  vallej'  of  the  Chateauguay  River  and  the  Aubrey  Plains. 

The  elevation  of  water  surface  in  the  summit  level  has,  therefore, 
been  fixed  at  152.4,  which  is  the  elevation  of  standard  low  water  in 
Lake  St.  Francis. 

As  the  difference  between  high  and  low  water  in  Lake  St.  Francis 
is  4.92  feet,  a  guard  lock  at  the  entrance  of  the  canal  will  be 
necessary. 

As  before  stated,  it  is  desirable  to  regulate  the  surface  of  Lake 
Champlain  so  that  it  will  not  fall  below  100  and  at  the  .same  time 
not  go  materially  above  the  present  high-water  mark  of  102.01.  By 
putting  a  dam  acro.ss  from  Stony  Point  to  Windmill  Point  and  mak- 
ing the  crest  of  the  dam  100  the  surface  would  be  maintained  at  100 

'  The  elevation  of  the  miter  sill  is  given  in  the  report  of  the  Deep  Waterways 
Commission  for  1><96  as  87.41.  This  appears  to  be  an  en*or.  Mr.  R.  Steckel.  engi- 
neer in  charge  of  the  Canadian  geodetic  leveling,  gives  it  as  7.22  feet  l)elow  the  zero 
of  the  United  States  Engineers'  gauge  at  Fort  Montgomery.  The  zero  of  this  gauge 
as  used  by  the  commission  was  94.53,  giving  87.31  for  the  level  of  the  lock  sill,  or 
86.27X  when  reduced  to  the  Greenbush  datum. 
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or  more,  provided  the  inflow  during  tlie  dry  season  was  sufficient  to 
supply  the  evaporation  and  the  minimum  amount  now  flowing  in  the 
Riclielieu  River.  As  the  Clmml)ly  Canal  takes  its  water  from  the 
river,  and  as  there  are  valuable  power  plants  at  Chambly,  the  regular 
flow  of  the  river  could  not  be  interfered  with. 

The  report  of  the  United  States  Deej)  Waterways  Commission  for 
1896  shows  the  montlilj-  mean  of  water  levels  above  the  zero  of  the 
United  States  Engineers'  gauge  at  Fort  Montgomery-  for  the  years  1871 
to  1895,  inclusive.  Col.  J.  N.  Barlow,  Corps  of  Engineers,  U.  S.  Army, 
furnished  the  daily  record  at  the  same  place  from  January,  189G,  to 
May,  1899,  inclusive. 

The  record  of  the  dailj^  fluctuations  for  twenty-seven  years  at  lock 
No.  1,  St.  Johns,  Province  of  Quebec,  was  obtained  from  P^rnest 
Marceau,  superintendent  engineer  of  railways  and  canals,  Montreal, 
Canada.  Information  was  also  furnished  by  Mr.  P.  P.  Benoit,  super- 
intendent of  the  Chambly  Canal. 

A  study  of  these  records  for  many  years  shows  that  the  lake  is  ris- 
ing from  November  to  May,  inclusive,  and  falling  from  June  to  Octo- 
ber, inclusive.  During  the  months  of  August,  September,  and  October 
the  lake  appears  to  fall  on  the  average  about  0.25  foot  per  month,  and 
the  river  appears  to  be  drawing  on  the  reservoir  supply  in  the  lake  to 
a  certain  extent.  A  fall  of  0.25  foot  per  month  over  the  area  of  the 
lake  would  furnish  a  supply  of  about  1,000  cubic  feet  per  second. 
Thus  it  would  seem,  in  order  to  supplj'the  present  flow  and  maintain 
the  lake  at  a' constant  level  during  the  months  of  August,  September, 
and  October,  a  supply  of  1,000  cubic  feet  per  second  would  have  to  be 
suijplied  through  the  canal  from  the  St.  Lawrence  River.  In  addi- 
tion to  this,  enough  would  have  to  be  drawn  from  the  St.  Lawrence 
to  supplj'  the  water  needed  to  operate  the  upper  portion  of  the  canal 
from  Whitehall  to  Albanj-.  As  the  sectional  area  of  the  canal  is 
about  7,500  square  feet,  this  could  not  create  a  current  of  more  than 
a  half  to  three-quarters  of  a  foot  per  second,  which  would  not  be 
objectionable. 

Plate  91  shows  the  general  location  and  details  of  the  proposed 
regulating  works.  At  Stony  Point  and  at  Windmill  Point  there  are 
outcrops  of  rock  which  is  said  to  be  Utica  shale.  At  Windmill  Point 
the  rock  appears  to  be  close  to  the  surface  for  some  distance  back 
from  the  point.  Between  Stony  Point  and  the  mainland  there  is  a 
swamp,  in  wliich  borings  showed  n)ud  5  feet  deep  and  clay  57  feet 
without  striking  rock.  On  the  mainland  a  short  distance  to  the  west 
rock  is  found  in  wells  at  an  elevation  of  about  100. 

The  borings  show  a  stratum  of  clay  extending  from  Stony  Point  to 
Windmill  Point.  As  the  head  on  the  dam  would  never  exceed  about 
7  feet,  a  crib  dam  founded  on  this  clay  stratum  would  undoubtedly 
be  perfectly  safe.  A  lock  and  sluices  can  be  put  in  on  rock  founda- 
tions at  Stony  Point. 
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As  the  Canadian  tfovernnient  is  enlarging  its  canals  to  a  depth  of  14 
feet,  with  locks  42  by  280  feet,  the  lock  would  piobal)ly  have  to  Ik*  of 
the  same  dimensions  in  order  to  accommodate  their  traffic  on  the 
Riclielieu  River.  Between  Stony  Point  and  the  mainland  an  earth 
embankment  would  be  perfectly  safe.  The  details  and  estimate  of 
cost  of  the  Champlain  regulating  works  are  given  in  Appendix  No.  8. 

I  have  secured  the  following  gauging  of  the  Richelieu  River: 

October  16,  1802,  bj'  Mr.  Charles  Legge;'  measurement  near  St.  Johns: 

Discharge  in  cubic  feet  per  second 4. 257 

September  10.  1894,  by  Mr.  Henry  Holgate;  -  measurement  near  St.  Johns: 

Reading  of  gauge  at  St.  Johns  .   . . 7. 58 

Surface  of  water  at  St.  Johns  above  tide \}'-i.  85 

Discharge  in  cubic  feet  per  second    G,  390 

August  22, 1895,  by  Mr.  Cecil  B.  Smith;'-  measurement  near  St.  Johns: 

Reading  of  gauge  at  St.  Johns    ._ 7.67 

Surface  of  water  at  St.  Johns  above  tide 93. 94 

Discharge  in  cubic  feet  per  second _  6. 102 

October  17.  1895.  by  Prof. C.H.  McLeo:!:'  measurement  near  St.  Johns: 

Reading  of  gauge  at  St.  Johns 7.00 

Surface  of  water  at  St.  Johns  above  tide -  93. 27 

Discharge  in  cubic  feet  per  second .   . '■).  750 

1895.  by  Shanly  and  Quirk:'   measurement  near  St.  Johns: 

Discharge  in  cubic  feet  per  second _   . .  _  7. 000 

I  have  not  been  able  to  get  the  date  of  this,  but  the  Avater  is 
reported  to  have  been  at  about  the  same  stage  as  when  measui-od  by 
Messrs.  Ilolgate  and  Smith. 

April  28.  1899.  by  J.W.  Macklin:  weir  measurement  at  dam  of  Chambly 
Power  Company.  Chambly,  Quebec: 

Length  of  weir _   ...feet  1.C25 

Depth  of  water  on  weir  measured  to  surface  of  still  water  above  . . .  do. . .  3. 20 

Reading  of  gauge  at  St.  Johns    ." 11.75 

Surface  of  water  at  St.  Johns  above  tide 99. 13 

Discharge  in  cubic  feet  per  second,  as  computed  by  Mr.  Macklin  (pass- 
ing over  weir) 29,050 

Add  passing  through  sluice  to  mill 800 

Total... .  - 

At  the  time  the  above  gauging  was  made  there  was  no  wind  an<l  the 
river  had  been  at  about  the  same  stage  for  sevei-al  days.  This  is 
probably  near  a  high-water  discharge. 

The  gaugings  by  Messrs.  Ilolgate  and  Smith  were  made  witli  tubes 
weighted  so  as  to  float  vertically  and  reaching  nearly  to  the  bott«  ni 
with  but  little  projecting  above  the  water.  That  by  I'rofessor  Mc- 
Leod  was  made  with  an  "Amsler  mechanical  meter." 


'  Furnished  by  Ernest  Marceau.  esq.,  etigi  neer  of  railways  aiid  canals.  Montreal 
Canada. 
•Furnished  by  Mr.  J.  W.  Macklin.  engii.ei'r  of  the  Chambiy  Power  Company. 
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The  low-water  lueasurenients  are  somewliat  discordant  and  hard  to 
reconcile,  as  there  was  only  a  difference  of  0.67  foot  between  the  read- 
ings of  the  gauge  when  the  difference  was  greatest.  As  the  river  near 
St.  Jolius  has  a  width  of  about  1,200  feet  and  a  mean  depth  of  12  to  13 
feet,  a  variation  of  0.67  foot  ought  not  to  make  so  great  a  difference 
as  is  shown  bj^  the  measurements. 

Locks. — A  lock  with  a  lift  of  52.4  feet  has  been  located  about  4 
miles  from  Lake  Champlain  and  just  southeast  of  the  village  of  Cham- 
plain.  At  this  point  rock  is  found  at  an  elevation  of  110,  giving  a 
rock  foundation  with  the  lower  40  feet  in  rock. 

If  it  should  be  thought  best  to  substitute  two  locks  with  lifts  of  26.2 
feet  each,  the  lower  lock  can  be  put  about  6,500  feet  farther  east  on 
rock  foundation.  The  cost  would  probably  be  about  the  same  in 
either  case,  but  the  single  lock  possesses  the  advantage  of  less  deten- 
tion and  will  somewhat  simplify  the  jiassing  of  the  water  supply  for 
Lake  Champlain.  In  the  event  of  one  lock  being  used,  the  water  can 
be  taken  out  above  the  lock  and  discharged  into  the  Chazy  River  after 
being  used  to  generate  power  for  operating  the  lock,  etc.  The  esti- 
mates were  made  for  a  canal  with  only  one  lock  at  this  point. 

As  high  water  in  Lake  St.  Francis  is  3.4  feet  above  standard  low 
watei',  a  guard  lock  with  a  maximum  lift  of  3.4  feet  will  be  necessary 
near  the  entrance  to  the  canal.  A  favorable  location  has  been  selected 
at  a  point  about  three-quarters  of  a  mile  from  the  lake,  where  the  sur- 
face of  the  rock  has  an  elevation  of  140. 

A  b^^-pass  of  sufficient  dimensions  to  pass  4,000  to  5,000  cubic  feet 
per  second  will  have  to  be  constructed  around  this  lock.  The  power 
for  operating  the  lock  can  convenientlj"  be  brouglit  from  a  power 
house  located  at  the  crossing  of  the  Chateauguay  River,  where  a  head 
of  30  feet  would  be  available. 

Receiving  weivs. — At  the  crossing  of  the  Chazy  River  above  Cliam- 
plain  the  surface  of  the  water  in  the  river  is  about  12  feet  above  the 
level  of  water  in  canal.  Rock  is  found  at  an  elevation  of  about  160, 
Just  below  this  point  there  is  a  dam  witli  a  head  of  20  feet.  The  vil- 
lage of  Champlain  has  acquired  the  right  to  use  whatever  water  is 
needed  for  a  supply,  as  well  as  the  power  for  pumping. 

The  surplus  power,  if  any,  is  owned  by  Whiteside  Brothers,  of 
Champlain. 

When  this  stream  was  gauged  on  April  25,  1899,  it  was  carrying 
1,038  cubic  feet  per  second.  This  may  be  increased  in  time  of  high 
water  to  3,500  cubic  feet,  and  in  time  of  low  water  may  fall  as  low  as 
100  cubic  feet  or  less. 

As  taking  the  water  in  the  canal  would  destroy  the  power  at  the 
waterworks  and  Whiteside's  mill,  it  is  proposed  to  move  the  water- 
works to  the  point  of  intake.  This  will  necessitate  laying  about  4,000 
feet  of  discharge  main  and  the  building  of  a  new  pump  house.     The 
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turbine  and  pump  now  in  use  could  be  moved.  'l"'he  present  [)unip 
house  is  a  brick  structure  about  15  feet  square.  The  head  now  util- 
ized at  the  pump  house  is  12  feet.  The  same  head  can  be  obtained 
wliere  tlie  river  is  taken  into  the  canal.  Tlie  sui)ply  can  be  taken 
from  the  river  above  the  canal  and  tlie  discharge  nmin  carried  under, 
thus  furnishing  the  same  quantity  and  quality  of  water  as  they  now 
have. 

To  do  this,  the  two  branches  of  the  Chazy  ought  to  l)e  united  above 
the  canal  and  a  dam  about  200  feet  in  length  and  5  feet  in  height 
founded  on  rock  be  built  to  turn  the  water  through  the  pump  liouse 
with  a  tailrace  discharging  into  the  canal.  As  the  surface  of  the  rock 
is  at  an  elevation  of  about  160,  no  special  construction  is  needed  for 
receiving  whatever  water  passes  over  the  dam  into  the  canal. 

Whenever  all  the  water  is  not  used  by  the  waterworks,  the  surplus 
belongs  to  Whiteside  l^rothers  and  has  an  available  head  of  20  feet. 

Formerly  this  entire  power  was  used  to  run  a  strawlx)ard  mill;  but 
this  has  not  been  in  operation  since  1805,  and  since  that  date  the  right 
to  use  whatever  water  is  needed  has  been  transferred  to  the  village  of 
Champlain. 

It  is  x)robable  that  100  horsepower  might  be  obtained  from  the  sur- 
plus water  for  six  or  seven  months  in  the  year ;  but,  as  this  would  neces- 
sitate a  steam  plant  of  equal  capacity  for  several  months,  it  is  doubt- 
ful if  the  surplus  water  has  much  commercial  value. 

About  a  mile  farther  down  the  stream  there  is  another  power.  It 
would  be  necessary  to  return  water  to  the  streams  above  this  dam 
equal  to  the  amount  taken  in  above.     This  can  be  easily  done. 

At  the  crossing  of  the  Little  ^Montreal  River  and  Norton  Creek  the 
streams  will  have  to  ])e  taken  into  the  canal.  As  rock  is  found  near 
the  surface  at  both  points,  no  receiving  weirs  will  be  needed.  These 
streams  will  have  to  be  carried  across  the  canal  in  flumes  and  diverted 
during  construction. 

The  bed  of  English  River,  where  the  canal  crosses  it,  has  an  eleva- 
tion of  about  125.  When  gauged  April  26,  1899,  it  was  carrying  392 
cubic  feet  per  second.  The  maximum  discharge  may  reach  1,000  cubic 
feet  per  second.  As  its  elevation  is  above  the  bottom  of  the  canal,  to 
pass  it  under  would  re<iuire  an  inverted  siphon,  which  would  be  not 
only  expensive  but  objectionable  on  account  of  the  heavy  ice  which 
forms  in  that  region  during  the  winter.  For  these  reasons  it  was 
thought  best  to  flood  the  valley  above  the  canal  and  pass  the  water 
over  a  waste  weir.  The  area  which  would  be  flocxh'd  is  about  1,000 
acres.  A  wasteweir  has  been  located  at  a  point  about  three-fourths 
of  a  mile  east  of  the  river  crossing.  The  water  will  be  discharged  into 
Norton  Creek  about  a  mile  above  its  junction  with  the  English  River. 

The  wasteweir  will  be  founded  on  rock  at  an  elevation  of  140. 
H.  Doc.  149 28 
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The  Chateaugnay  River  is  the  largest  stream  crossed,  and  presents 
one  of  the  most  difficult  problems  on  the  line. 

The  following  data  in  regard  to  the  stream  have  been  obtained: 

Above  the  dam  at  Ormstown: 

High  water,  April  11,  1887,  in  shoe  store  of  W.  Maw 136.45 

Surface  of  water  September  14,  1898 120.43 

Crest  of  dam,  about - .  - - 120. 00 

Below  the  dam: 

High  water.  April.  1887,  on  Murphy's  home,  U  miles  below  Ormstown.  186. 00 

High  water,  April.  1899 119.00 

Surface  of  water  September  14, 1898 110.14 

On  April  11»,  1809,  the  river  was  carrying  2,720  cubic  feet,  with 
water  surface  at  113.29,  1^  miles  below  the  dam. 

I  do  not  know  of  any  high- water  gauging.  The  maximum  discharge 
may  reach  as  high  as  5,000  or  6,000  cubic  feet  per  second. 

Extreme  high  water  is  always  caused  by  an  ice  gorge,  which  usually 
forms  at  the  Grand  Trurik  Railway  bridge,  about  3  miles  below  town, 

I  have  to  suggest  three  methods  of  carrying  the  canal  across  the 
river : 

First.  By  an  aqueduct,  the  river  being  passed  under  the  canal. 

Second.  By  putting  a  dam  across  the  river  and  floodiug  the  valley 
above. 

Third.  By  a  dam  and  dikes  on  both  sides  to  a  point  above  the 
flowage  line. 

The  various  projects  will  now  be  considered. 

First.  To  pass  the  river  under  the  canal  an  aqueduct  from  600  to 
800  feet  in  length  would  be  required.  The  conditions  for  this  are  not 
as  favorable  as  could  be  desired.  Low  water  in  the  river  is  about 
110,  ordinary  high  water  120,  and  extreme  high  water  136.  The  grade 
of  bottom  of  canal  with  30  feet  of  water  is  122.4. 

Owing  to  the  large  amount  of  ice  which  the  river  sometimes  carries, 
the  openings  ought  to  be  kept  as  large  as  possible;  but  on  account  of 
the  great  weight  to  be  carried  they  ought  to  be  of  moderate  spans. 
Spans  of  about  30  feet  will  probably  best  fulfill  the  conditions. 

From  the  elevations  given  above  it  will  be  seen  that  there  is  very 
little  headway,  and  at  ordinarj'  high  water  the  crown  of  the  arch  will 
be  submerged. 

In  order  to  give  all  the  headway  possible,  the  feasibility  of  carrying 
the  aqueduct  on  steel  girders  witli  30-foot  span  was  considered.  To 
do  this  with  24-inch  I-beams  weighing  80  pounds  to  the  linear  foot 
would  require  them  to  be  spaced  10  inches  between  centers  under  the 
body  of  the  aqueduct.  As  the  side  walls  would  weigh  about  two  and 
one-half  times  as  much  as  the  water,  the  walls  would  have  to  be  car- 
ried on  deep  girders  built  into  the  walls.  As  beams  spaced  10  inches 
apart  could  not  be  painted,  they  would  have  to  be  encased  in  concrete 
to  protect  them.     This  leads  at  once  to  the  Melan  system  of  arches. 
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If  arclios  were  iiuuhi  5  f»'t't  thick  at  the  crown,  which  seciiiH  to  l)e  jis 
iniicli  as  is  practicable  under  the  circumstances,  they  would  be  lack- 
ing in  strength  to  resist  the  pressure  of  the  water  tending  to  force  the 
side  walls  of  the  aqueduct  apart.  This  thrust  for  the  IJO-foot  clumnel 
amounts  to  over  l*8,(.KH.)  pounds  per  linear  foot  of  the  canal.  As  this 
force  acts  with  a  lever  arm  of  10  feet,  there  would  be  a  moment  of 
280,000  foot-pounds  for  each  linear  foot  of  the  aqueduct,  tending  to 
rupture  the  arch  in  a  plane  parallel  to  the  axis  of  the  a<iueduct.  A  con- 
crete arch  under  tliese  conditions  would  not  be  stable.  It  would  be 
necessary  to  stren;^then  the  ai'ches  with  steel  rods  or  beams  in  a  direc- 
tion transverse  to  the  axis  of  the  aqueduct.  Steel  rods  wouM  prob- 
ably also  be  required  in  the  side  walls  to  prevent  cracks  from  tem- 
perature strains. 

Ice  forms  in  the  streams  in  this  region  to  a  depth  of  3  feet  or  more. 
It  would  undoubtedly  form  to  a  greater  depth  in  the  prism  of  the  aque- 
duct and  might  rupture  the  walls  unless  the  water  was  drawn  off  at 
the  end  of  navigation.  As  the  English  River  and  other  streams  are 
to  be  taken  in  and  discharged  over  wasteweirs,  the  entire  canal  can 
not  be  emptied.  On  this  account  gates  will  be  necessary  at  both  ends 
of  the  aqueduct,  and  a  pipe  with  a  gate  carried  through  the  wall  to 
empty  the  water.  v 

The  ice  which  runs  in  the  river  passes  over  a  dam  about  half  a  mile 
above  our  crossing,  and  would  be  pretty  well  broken  up  before  reach- 
ing the  aqueduct;  but  as  an  additional  safeguard  it  would  be  well  to 
put  in  masonry  ice  breakers  a  short  distance  above  the  aqueduct, 
spaced  less  than  30  feet  apart,  so  that  any  ice  which  had  passed  them 
would  pass  through  the  openings  in  the  aqueduct. 

By  doing  this  the  ice  would  probablj'  pass  in  safety  at  all  ordinary 
times.  There  is,  however,  danger  of  an  ice  jam  forming  at  the  Grand 
Trunk  Railway  bridge,  3  miles  below,  and  setting  back  to  this  point. 
In  1887,  and  again  in  1888,  this  happened,  and  the  water  rose  to  a  height 
of  136.  This  might  cause  an  ice  gorge  above  the  aqueduct  and  raise 
the  M'ater-  still  higher.  If  the  acjueduct  was  filled  it  would  be  stable, 
even  though  the  water  went  over  the  top  of  it;  but  any  rise  of  water 
above  that  of  1887  would  do  serious  damage  to  people  in  Ormstown 
and  vicinity. 

By  adopting  either  the  second  or  third  plan  proposed  the  danger 
from  floods  and  ice  would  be  lessened. 

Hy  putting  a  dam  across  the  river  above  town  and  Hooding  the 
valley  there  would  be  submerged,  as  nearly  as  can  be  ascertained  from 
data  at  hand,  ab<jut  8,000  acres  of  land,  which  would  probably  l)e  valued 
at  from  $75  to  $100  per  acre.  In  addition  to  this,  the  Grand  Trunk 
Railway  would  have  to  be  reconstructed  for  several  miles. 

By  building  dikes  along  both  sides  of  the  river  to  a  point  where 
there  would   be  no  danger  of  flowage,  the  stream  could  be  taken  in 
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and  discharged  over  a  waste  weir  witli  safety,  and  probably  at  no 
greater  cost  than  for  an  aqueduct,^ 

For  a  21-foot  channel  there  would  be  no  trouble  in  ijassing  the  river 
under  the  canal. 

The  line  has  been  so  located  that  by  building  the  western  end  tirst 
and  then  changing  the  channel  the  whole  aqueduct  can  be  built  in 
the  dry. 

Siphons. — There  are  several  small  brooks  and  ditclies  which  cross 
the  line  at  such  an  elevation  that  they  will  have  to  be  passed  under 
through  inverted  siphons.     They  will  appear  in  the  estimates. 

Discharge  sluices. — Discharge  sluices  ought  to  be  built  at  the  fol- 
lowing points: 

At  lock  east  of  Charaplain,  capable  of  discharging  4,()0()  cubic  feet 
per  second. 

Between  stations  9821  and  9791  of  <?anal,  one  capable  of  passing 
2,000  cubic  feet  per  second. 

At  station  86<5G  of  canal  line,  one  to  discharge  not  more  than  3,000 
cubic  feet  per  second.  This  is  to  pass  the  water  of  English  River.  I 
doubt  if  it  would  be  safe  to  discharge  more  at  that  point.  It  would 
be  liable  to  flood  the  valley  below. 

Railroad  crossings. — The  following  railroads  are  crossed:  Delaware 
and  Hudson,  Ogdensburg  and  Lake  Champlain,  Hemmingford  Branch 
of  Grand  Trunk,  Canada  Atlantic,  Massena  Branch  of  Grand  Trunk, 
and  St.  Lawrence  and  Adirondack. 

Estimates  have  been  made  for  a  change  of  location  of  the  Delaware 
and  Hudson,  both  branches  of  the  Grand  Trunk,  and  the  Ogdens- 
burg and  Lake  Champlain  railways  to  secure  crossings  at  right 
angles.  All  railway  crossings  are  by  means  of  swing  bridges.  The 
Canada  Atlantic  crosses  the  proposed  canal  at  two  points,  and  an  esti- 
mate has  been  made  of  a  new  location  of  this  road  for  a  distance  of 
about  9  miles  to  avoid  any  crossings. 

All  the  embankments  on  these  changes  can  be  made  from  waste 
material  from  the  canal  excavation. 

■  Highway  crossings. — All  highways  have  been  estimated  to  be  car- 
ried over  on  swing  spans  or  fixed  spans  with  a  clear  headway  of  85 


'  Aftei-  Mr,  Davis  had  severed  his  connection  with  the  Board,  this  subject  was 
further  considered  and  additional  surveys  made  in  October,  1899.  by  Mr,  James  J. 
Overn,  This  survey  consisted  of  lines  run  along  the  high  ground  adjacent  to  both 
banks  of  the  Chateauguay  River  from  Huntingdon  to  Ormstown,  and  the  infor- 
mation secured  was  sufficient  to  enable  an  estimate  to  be  made  of  the  embank- 
ments retiuired  by  the  third  method  mentioned  above.  This  survey  is  not  shown 
on  the  accompanying  maps.  The  proposed  location  of  the  canal  was  changed,  as 
shown  on  plates  4")  and  46,  in  order  that  the  dam  might  be  located  on  rock 
foundation  above  the  village  of  Ormstown.  The  estimated  cost  of  the  embank- 
ment is  §405.000,  and  of  the  reqviired  right  of  way  .§117.000,  making  a  total  of 
$522,000.  Method  No.  '-i  is  cheaper  than  No.  2  and  avoids  the  uncertaintips  of 
the  aqueduct  plan.  The  location  and  estimates  have  been  made  in  accordance 
with  method  No,  3  for  both  21  and  30  foot  channels. 
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feot,  or  by  f^toain  fcrrios,  witli  pontoon  ln-idj^cs  to  be  put  across  in 
place  of  the  ferries  during  the  period  when  the  canal  is  not  in  opera- 
tion. The  ferries  and  pontoons  would  be  not  only  much  cheaper  but 
less  liable  to  any  accident  which  would  block  the  canal  than  swing 
bi'i<lges. 

Ferry  crossings  have  been  estimated  for  the  following  points:  At 
Cooperville,  at  C'haniplain,  near  Aubrey  Station,  at  fertile  Creek 
road,  at  Ornistown. 

Table  No.  1  gives  the  location,  length,  cost,  etc.,  of  all  railway  and 
highway  bridges  estimated. 

C lass iji cation  of  excavation. — The  excavation  can  be  classified  under 
the  following  heads:  Dredging,  which  would  cover  all  materials 
which  could  best  be  removed  with  a  dredge;  earth  excavation,  cover- 
ing all  earth  to  be  removed  otherwise  than  by  dredging;  solid  rock 
under  water;  solid  rock  above  water. 

All  the  excavation  required  in  Lake  Champlain  will  ))e  dredging  in 
earth.     In  Lake  St.  Francis  there  will  be  a  small  amount  of  rock. 

Character  of  materials. — The  earth  is  mostly  a  stiff  clay.  Between 
the  following  stations  there  will  be  found  many  bowldei-s:  9881  to 
9241,  8941  to  8741,  7841  to  7721. 

Between  9241  a7id  8941  there  will  be  found  a  considerable  amount 
of  black  muck.  The  depth  is  .so  very  irregular  that  no  attfMiipt  has 
l)een  made  to  separate  it  from  clay  in  the  estimates. 

I  think  most  of  the  clay  will  stand  at  slopes  of  2  to  1.  However, 
there  is  some  in  the  vicinity  of  the  Chateauguay  River  and  near  the  St. 
Louis  River  which  may  give  trouble.  Last  spring  some  of  this  became 
almost  like  quicksand,  the  roads  being  absolutely  impassable.  On  the 
Soulanges  Canal  there  have  been  several  bad  slides  on  sections  which 
have  been  excavated  to  the  entire  depth  and  left  for  two  or  more  years 
without  water  l)eing  let  in.  I  think  the  material  at  the  Soulanges 
and  near  Ornistown  is  somewhat  similar. 

Character  of  rock  to  he  excavated. — The  surface  rock  appears  to 
have  been  originally  Utica  shale,  below  which  was  limestone,  chang- 
ing almost  imperceptibly  into  a  calciferous  sandstone,  one  of  the 
Potsdam  group,  and  finally  into  quartzite.  Glacial  action  has  worn 
this  down  so  that  the  shale  is  only  found  along  Lake  Champlain  and 
the  Richelieu  River,  Near  Champlain  and  Harrington  limestone  is 
found  in  limited  quantities.  Near  Valleyfield  the  rock  is  usually 
limestone  of  such  a  quality  that  it  is  used  for  the  manufacture  of 
lime.  Quartzite  is  found  outcropping  in  every  ledge  of  any  impor- 
tance along  the  line  between  Lake  Champlain  and  Ornistown.  It  is 
safe  to  classify  all  this  I'ock  as  hard  sandstone  or  quartzite.  Between 
Ornistown  and  Tiake  St.  Francis  the  rock  may  be  classified  as  lime- 
stone. 

Samples  from  mo^t  ..f  ilu.  I.Ml._r..>,  in  t))..  vicinity  of  the  lin«'  are 
submitted. 
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The  rock  will  all  make  excellent  concrete,  and  enough  building 
stone  for  most  purposes  can  be  found  in  the  immediate  vicinity  of  the 
line.  At  Champlain  blocks  2  feet  in  thickness  and  10  to  12  feet 
square  can  be  quarried. 

Photographs  showing  the  stratification  and  seams  in  some  of  the 
ledges  are  given. 

The  quartziie  occurs  in  strata  varying  from  a  few  inches  to  several 
feet  in  thickness,  and  is  broken  up  by  many  vertical  seams.  It  can 
be  channeled  unless  the  vertical  seams  interfere. 

Ground  water  in  cuts. — As  several  of  the  borings  develop  flowing 
wells,  I  anticipate  that  much  water  will  be  found  in  the  deep  cuts. 

Sand. — There  is  no  good  bank  sand  in  the  vicinity  of  the  line.  Sand 
for  building  purposes  is  found  in  both  lakes,  but  what  I  saw  was  not 
of  a  first-rate  quality.  An  excellent  sand  for  concrete  could  be  made 
by  crushing  quartzite. 

Details  of  alignment. 

Length  of  line  from  30  feet  of  water  in  Lake  Champlain  to  30  feet  in  Lake 

St.  Francis miles..  53.674 

Distance  between  shores  of  lakes do.  - .  48. 66 

Length  of  tangent ..do.. .  38.49 

Total  length  of  canal: 

Radius  5,000  feet ..feet..  15,567 

Radius  6,000  feet do...  11,115 

Radius  7,000  feet ..do...  13,175 

Radius  10,000  feet ...do...  10,715 

Radius  12,000  feet ..do...  12,700 

Radius  17,088  feet do...  5,269 

Radius  10,111  feet. do...  11,634 

Total  length  of  curve miles . .  15.18 

Character  of  channel. 

Earth,  and  earth  with  rock  less  than  5  feet  above  bottom  miles . .     17. 784 

Rock  section do...     30.871 

Lake  section  with  dredging  in  bottom .do. . .      5. 019 

Projile. 

Proposed  level  of  Lake  Champlain 100. 00 

Proposed  summit  level 152.  40 

Lift  of  Lock  No.  1 52.4 

Low  water, Lake  St.  Francis. 150.89 

High  water,  Lake  St.  Francis - 155.81 

Extreme  lift  of  guard  lock 3.4 

Table  No.  1  shows  the  location  and  cost  of  the  proposed  bridges; 
Table  No.  2  shows  the  location  and  cost  of  the  proposed  locks;  Table 
No.  3,  detailed  estimates  of  30-foot  channel;  and  Table  No.  4,  the 
estimate  for  21-foot  channel. 


DODGE'S  QUARRY,   CHAMPLAIN,  VT. 
Uoper  4  feet  sandstone.     Below  that  limestone. 


QUARTZITE  OUTCROP,    1    M.^E   V/ E:^^   0^    L'OOjES   QUARRY. 


QJARTZITE  OUTCROP,    1    MILE  SOUTH   OF    HOLTON    b^A^.Or:     P. 


^P 

1    .**.""'■      c~^,   ,■-  H 

QUART2ITE  OUTCROP,    1    MILE  SOUTH   OF   HOLTON   STATION,    P.  Q. 
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TaBLK  No.   1. — Cfntiiiitlttiii  r(nit»\  nortlirni  tlivision. 


a 

0 

1 

CO 

Kind  of  bridge. 

0 

Swing 
or  ttxed. 

0 

;«)-foot  channel. 

21-foot  channel. 

Location. 

Total 
length. 

Esti- 
mated 
cost. 

ToUl 
length. 

Esti- 

mAted 

cast. 

7571 
7674 
7770 
8071 

92.5lt 

9446 
9652 
9752 
10048 

8121 

8682 

Highway 

Swing. . 

do-- 

do.. 

1 
1 
1 
1 
1 
3 

1 
1 
1 
1 

1 
1 

236 

537i 
555 
5371 
600 

119.966 
1:W,882 

68,476 
139,882 

72,910 

195 

517i 

.531 

6171 

.575 

5761 

282 
546 
540 
.5171 

150 
100 
120 

$16,650 

Railway    . 

1 

118,778 

Highway 

ti:j,4;» 

Ormstown 

1 

do-. 

do.. 

118.772 

67.470 

Rail  way  and 

highway.* 
Highway 

1 

do.. 

Fixed.. 
Swing.. 

do.. 

do.. 

Fixed.. 
do.. 

600 
300 

217,730 
31.499 

301,  (ta 

38.«79 

do 

.570 
564 
537i 

150 
100 
120 

69,572 
112,838 
111,536 

10,385 
8,350 
0,893 
5,000 

6;{,»iH3 

Cbamplaln 

Cooperville 

Railway 

do 

1 
1 

103,810 
104.320 

Bridges  not  over 
canal. 

Ormstown 

Highway 

10,396 

do 

8,a» 

Dewittville 

do 

do.. 

9.893 

Above  Ormstown 

«.5,000 

Total 

1,017,949 

930,247 

'  Double-deck  drawspan,  two  63-foot  gfirders. 


'  New  abntments. 


HOTE.— Highway  liridge,  22  feet  clear  opening:   single-track  bridee.  14  feet  clear  opening; 
double-track  bridge,  26  feet  clear  opening;  smgle-track  ODuble-deck  bridge,  28  feet  clear  opening. 

Table  No.  2.—Champlain  route,  northern,  division. 
LOCKS.' 


No. 

Station, 
upper  end 

Length 
of  level. 

Elevation,  low-wa-j 
ter surface.       ,  _,^ 
1  Liirt. 

Remarks. 

masonry. 

Above. 

Below,  j 

4 

7.566 
9876 

Miles. 

:».o 

43.7 

1.52.4 

1.52.4  1      00 

Guard  lock  at  Valley  Field. 

5 

152.4          100.0        52.4 

Champlain  lock. 

>  Lock  at  Lake  Champlain  regulating  works  is  given  in  Appendix  No.  8. 
COST. 

Lock  No. 


»)-foot  Chan-  21-foot  chan-  ^T.^Vf* 
nel.         !         nel. 


machin- 
ery. 


$?JS.846 

1,801.307 


$450,634 
1.]5«}.198  ' 


$100,000 
100,000 


Operating  machinery. 
ToUl 


2,536,65:3 
200,000 


1.606.832 
300.000 


200,000 


2,?A5.(Wj:} 


i.Motj.se 


T.\BLE  No.  3. — Champlain  route,  northern  diiunion. 

ESTIMATE  OF  COST  OF  CONSTRUCTION  OF  30-FOOT  CHANNEL. 

Section  No.  1,  Station  7395  to  7.W2,  Lake  St.  Framis: 
E.Kcavation— 

Earth,  wet.  2,75.3.626  cubic  yards,  .i;.  .  -  >.  wio $410.  o44 

Rock,  wet,  279,337  cubic  yards,  at  $2. r)0 698. 343 

Total 1,111,687 
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Section  No.  2,  Station  7532  to  (JO-IB.  Lake  St.  Francis  to  Great  Chazy  River: 
Excavation — 

Earth,  dry,  41,179,324  cubic  yards,  at  15  cents §(},  176,899 

Rock,  dry,  57. 724. 771  cubic  yards,  at  65  cents 37,  521 ,  101 

Embankment,  excavation  necessary  furnished  from  canal  prism, 

9,133,645  cubic  yards,  at  15  cents            1,370.047 

.    Embankment,  Chateanguay  River,  required  excavation  not  com- 
puted separately,  1,. 343. 500  cubic  yards,  at  25  cents 335,875 

Retaining  vsrall,  437,384  cubic  yards,  at  $4  . . 1, 749, 536 

Slope  wall,  501,528  square  yards,  at  $1.10. 551,681 

Back  fill,  1 ,315,565  cubic  yards,  at  25  cents 328, 891 

Timber  crib — 

Oak,  26,640  feet  B.  M.,  at  $50  per  M.. 1.332 

Hemlock,  3,790,080  feet  B.  M.,at$23  per  M 87,172 

Pine,  540,000  feet  B.  M.,  at  $30  per  M     16.200 

Stone  fill,  59,400  cubic  yards,  at  60  cents. 35, 640 

Iron,  369,720  pounds,  at3cents 11,092 

Right  of  way- 
Town  land,  27i  acres,  at  $1,500... 41,250 

Farmland,  5,453  acres,  at  $91. 50... 497,440 

Farmland.  Chateauguay,  1,170  acres,  at  $100 ...  117,000 

Railroad  changes,  14,07  miles 218, 599 

Entrance  of  streams- 
Excavation,  rock,  dry,  5,600  cubic  yards,  at  65  cents. 3, 640 

E.xcavation,  earth,  dry,  186,700  cubic  yards,  at  15  cents. 28,005 

Gates  (sluice  and  by-pass) 26. 970 

Bridges,  13 1.017.949 

Steam  ferries,  5,  at  $20,000 100,000 

Lock  No.  4,  Valleyfield  (guard  lock) 725,346 

Lock-operating  machinery,  1  set  single -.  100, 000 

Lock  No.  5,  Champlain 1,801,307 

Lock-operating  machinery,  1  set  single 100,000 

Dam  at  Ormstown— 

Concrete.  17,670  cubic  yards,  at  $6 106,020 

Gate 3,000 

Dam  at  Champlain,  concrete,  1 ,315  cubic  yards,  at  $6 7, 890 

Champlain  waterworks  extension — 

Iron  pipe,  2,471.5  tons,  at  $40. . 98,860 

Pump  house 500 

Total 53,179,243 

Section  No.  3,  station  9953  to  station  10101,  Great  Chazy  River: 
Excavation — 

Earth,  wet,  3,940,896  cubic  yards,  at  15  cents. 591,134 

Rock,  wet,  1,048,571  cubic  yards,  at  $2 2,097,142 

Right  of  way,  farmland,  259  acres,  at  $100.  25,900 

Total... 2,714,176 

Section  No.  4.  station  10101  to  station  10231,  Lake  Champlain: 
Excavation — 

Earth,  wet,  2,880,559  cubic  yards,  at  10  cents 288, 056 

Rock,  wet,  2,631  cubic  yards,  at  $2.50 6,578 

Total 294, 634 

Auxiliary  work.  Lake  Champlain  regulating  works 890, 244 
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Soction. 

Station  to 
station. 

Total  cost. 

1 

r.m-  7.>i2 

SWfcvMOKH 
lOlOl-UBHl 

SI. 111,087 

2 

■>:i,17'.t.:«3 

8 

-'.714, 17« 

4 

294,  im 

Lake  Champlain  regulating  works. 

m),  244 

Total - i 

58,189,983 

Table  No.  4. — Champlain  route,  northeryi  dhnsion. 
ESTIMATE  OF  COST  OF  CONSTRUCTION  OF  21FOOT  CHANNEL. 

Section  No.  1.  .station  7403  to  station  7532,  Lake  St.  Francis: 
Excavation — 

Earth,  wet,  202,652  cubic  yards,  at  15  cents $43, 898 

Rock,  wet,  74,041  cubic  yard8,at  $2.50 185,103 

Total 229,001 


Section  No.  2,  station  7532  to  station  9958,  Lake  St.  Francis  to  Cireat 
Chazy  River: 

Excavation- 
Earth,  dry,  34,767,719  cubic  yards,  at  15  cents 5, 

Rock,  dry,  43,533,587  cubic  yards,  at  65  cents 28, 

Embankment — 

Excavation  necessary  furnished  from  canal  prism,  9,540,775 

cubic  yards,  at  15  cents 1, 

Chateauguay  River,  re(iuired  excavation  not  computed  sepa- 
rately, 1,343,500  cubic  yards,  at  25  cents 

Retaining  wall,  262,239  cubic  yards,  at  $4 1. 

Slope  wall,  527,487  square  yards,  at  $1.10 

Back  fill,  699,974  cubic  yards,  at  25  cents 

Timber  crib — 

Oak,  26,640  feet  B.M..at  $50  per  M 

Hemlock,  2,764,080  feet  B.M.,  at  $23  per  M 

Pine,540,000feetB.  M..at$;iOper  M 

Stone  fill,  43,200  cubic  yards,  at  60  cents 

Iron.  273,600  pounds,  at  3  cents 

Right  of  way- 
Town  land,  27^  acres,  at  $1.500 

Farm  land.  5,453  acres,  at  $91. .50 

Farm  land,  Chateauguay  River,  1,170  acres,  at  $100 

Railroad  changes,  14.07  miles 

Entrance  of  streams — 

Excavation,  rock,  dry,  5,600  cubic  yards,  at  65  cents 

Excavation,  earth,  186, 70i)  cubic  yards,  at  15  cents 

Gates  (sluice  and  by-pass)  .  - 

Bridges,  13 .. 

Steam  ferries,  5,  at  $20,000 

Lock  No.  4,  Valleyfield  (guard  lock) 

Lock-operating  machinery,  1  set  single  lock 

Lock  No.  5.  Champlain .     1, 

Lock-operating  machinery ,  1  set  single  lock 


215,158 
296, 832 


431,116 

335, 875 
048, 956 
580. 236 
174,994 

1,332 
63, 574 
16.200 
25, 920 

8.208 

41,250 
497. 440 

117.000 
218. 599 

3.640 
28.005 
26. 970 
920. 247 
100,000 
4.50.634 
100,000 
156.198 
100,000 
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Section  No.  2,  station  7532  to  station  9953,  Lake  St.  Francis  to  Great 
Chazy  River — Continiied. 
Dam  at  Ormstown — 

Concrete,  17,670  cubic  yards,  at  $6 $106,020 

Gate 3,000 

Dam  at  Champlain,  concrete,  1,315  cubic  yards,  at  $6 7,  890 

Champlain  waterworks  extension — 

Iron  pipe,  2,471.5  tons,  at  $40 98, 860 

Pump  house ,500 

Total...    41.174,654 

Section  No.  3,  station  9953  to  station  10101,  Great  Chazy  River: 

Excavation — 

Earth,  wet,  3,061,214  cubic  yards,  at  15  cents 459,182 

Rock,  wet,  336,535  cubic  yards,  at  $2 673,070 

Right  of  way,  farm  land,  259  acres,  at  $100 25,900 

Total- 1,158,152 

Section  No.  4,  station  10101  to  station  10171.  Lake  Champlain: 

EAcavation,  earth,  wet,  1,049,293  cubic  yards,  at  10  cents 104.929 

Auxiliary  work,  Lake  Champlain  regulating  works    890, 244 

SUMMARY. 


section.  ^ta^ionto   ^^,^,1,,,^. 


4 

Lake  Champlain  regulating  works  . 


40;j-  7.532  $229,001 


-niii-  99.53 
9953-10101 
10101-10171 


Total 


41,174,0.54 

1,158,1.52 

1(H,929 

»90,244 


43,556,980 


I  wish  to  acknowledge  the  many  courtesies  which  I  received  from 
the  Canadian  customs  officials,  who  allowed  free  entry  to  all  of  our 
equipment  without  question  or  hindrance  of  any  kind;  also  to  the 
following  gentlemen  for  valuable  data  furnished:  Mr.  J.  W.  Macklin, 
engineer  of  the  Chambly  Power  Company,  Montreal,  Canada;  Mr. 
Ernest  Marceau,  superintendent-engineer  of  railways  and  canals, 
Montreal,  Canada;  Mr.  Thomas  Monro,  engineer  of  the  Soulanges 
Canal,  Coteau,  Canada;  Mr.  J.  F.  Beique,  superintendent  of  the  Beau- 
harnois  Canal,  Valleyfield,  Canada;  Mr.  .J.  P.  Benoit,  superintendent 
of  the  Chambly  Canal,  Chambly,  Canada;  Capt.  D.  White,  Rouse 
Point,  N.  Y. 

The  names  of  the  assistants  who  filled  the  most  important  positions 
on  this  division  are  P.  H.  Ashmead,  John  .1.  L.  Houston,  V.  W.  Kline, 
M.  G.  Barnes,  E.  B.  Wheeler,  S.  D.  Woodward,  instrument  men; 
Charles  G.  Weyl,  draftsman;  Jason  F.  Stearns,  superintendent  of 
borings. 

Very  respectfully,  Frank  P.  Davis, 

Assistant  Engineer. 

The  Board  of  Engineers  on  Deep  Waterways. 
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Appendix  No.  Vi. 

OSWEGO-MOHAWK  ROUTE,  WESTERN  DIVISION. 

Detroit,  Mich.,  September  so,  1899. 
Gentlemen  :  I  Imve  the  honor  to  report  as  follows  upon  the  western 
division  of  the  (Jswego-Moluiwk  route: 

GENERAL  DESCRIPTION. 

The  Oswego  route  has  been  generally  described  as  leaving  Lake 
Ontario  at  Oswego,  N.  Y.,  following  the  Oswego  River  southward 
from  the  lake  about  21.5  miles  to  Phoenix,  then  turning  eastward  to 
Oneida  Lake,  running  across  the  lake  to  Wood  Creek,  along  this 
creek  to  Rome,  and  down  the  Mohawk  Valley  from  Rome  to  the  Hud- 
son River. 

The  portion  of  this  route  which  has  been  designated  as  the  western 
division  extends  from  Oswego  to  Herkimer,  a  small  village  about  14 
miles  east  of  Utica,  N.  \ .  It  lies  mostly  in  the  counties  of  Oswego, 
Oneida,  and  Herkimer,  but  also  passes  through  the  northern  part  of 
Onondaga  County.  Oneida  Lake  is  bordered  on  the  southeast  by 
Madison  County, 

The  country  traversed  is  thought  to  be  the  bed  of  an  ancient  lake, 
greater  than  and  including  Lake  Ontario,  whose  outlet  to  the  sea  was 
through  the  Mohawk  Valley.  It  is  supposed  that  the  region  north  of 
the  Adirondacks  was  at  that  time  covered  by  a  field  of  ice  and  that 
the  St.  Lawrence  River  was  yet  unmade. 

At  a  still  earlier  date  this  field  of  ice  probably  extended  farther 
south,  so  as  to  cover  the  route  described.^ 

In  Oswego  County  the  surface  of  the  country  is -composed  of  a  series 
of  ridges  and  valleys  extending  in  a  southeasterly  direction  from  Lake 
Ontario. 

Oneida  Lake  is  125  feet  above  Lake  Ontario  and  371  feet  above  the 
sea.  It  is  21  miles  long,  averages  about  4  miles  in  width,  and  receives 
the  drainage  from  an  area  of  about  1,348  square  miles.  It  is  bounded 
on  the  north  by  a  strip  of  table-land,  which  separates  it  from  Lake 
Ontario,  and  on  the  south  by  the  Niagara  escarpment.  On  the  west  an 
outlet  is  afforded  by  the  Oneida  River,  which  unites  with  the  Seneca 
at  Three  River  Point,  3  miles  south  of  Phoenix,  to  form  the  Oswego 
River.  On  the  east  lies  a  level  valley  some  5  miles  wide  at  the  lake, 
but  rising  gradually  and  growing  narrower  as  it  approaches  Rome. 
At  Rome  there  is  a  low,  short  divide  separating  Wood  Creek  from  the 
Mohawk.  It  is  the  highest  land  on  the  route,  excepting  Sand  Ridge, 
and  has  an  elevation  of  430  feet  above  the  sea.  From  Rome  to  Little 
Falls  the  river  winds  in  a  sinuous  course  along  a  narrow  alluvial  plain, 

'  See  paper  by  G.  K.  Gilbert  in  Sixth  Annual  Report  of  the  Commissioners  of 
the  New  York  State  Reservation  at  N  ajr.ra. 
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and  bears  no  resemblance  to  the  rapidly  descending  and  rocky  channel 
below  the  falls. 

The  ridges  in  Oswego  County  are  composed  of  gravel,  sand,  and 
clay  in  varjing  proportions  and  degrees  of  hardness.  Rock  does  not 
generally  appear  in  the  ridges,  and  it  is  easy  to  think  of  them  as  the 
moraines  of  ancient  glaciers,  deposited  upon  the  surface  of  the  under- 
lying rock.  Tlie  comi^aratively  recent  formation  of  the  topography  is 
strikingly  illustrated  by  the  test  borings  made  at  Minetto,  which  show 
the  bed  rock  to  be  higher  in  the  river  channel  than  beneath  the  hills 
on  either  side. 

The  argillaceous  sandstone  of  the  Utica  formation  is  found  in  the 
river  bed  at  Oswego.  Between  Oswego  and  Fulton  is  found  the  gray, 
brown,  or  mottled  Medina  sandstone,  and  between  Fulton  and  Oneida 
Lake  are  found  the  Clinton  shales.  Tlie  material  to  be  excavated  in 
Oneida  Lake  is  mostly  soft  mud.  There  is  also  a  littk^  sand  and 
gravel,  and  near  the  outlet  at  Browei'ton  a  small  amount  of  rock  was 
discovered. 

East  of  Oneida  I^ake  the  rock  encountered  is  a  shale  belonging  to 
the  Utica  formation. 

A  few"  miles  west  of  Rome  there  is  a  deposit  of  rock  and  liardpan, 
which  separates  the  Wood  Creek  and  Mohawk  valleys.  West  of  this 
ridge  there  is  a  deep  deposit  of  sand  and  clay  resting  upon  the  L^tica 
shale.  East  of  Rome  and  along  the  Mohawk  Valley  there  is  a  deep 
channel  between  the  hills,  filled  in  with  sand,  clay,  and  beds  of  gravel. 
This  channel  is  somewhat  toi'tuous,  and  in  places  spurs  of  rock  jutting 
into  the  valley  from  the  adjacent  hills  are  intersected  by  the  located 
canal  channel. 

The  location  and  depth  of  proposed  rock  excavation  can  be  readily 
seen  on  the  profile  of  the  line. 

The  countrj^  adjacent  to  the  route  is  fertile  and  productive,  but  the 
route  itself  lies  generally  in  swamps  and  water  courses,  which  are  of 
less  value  than  ordinary  farming  land. 

Building  sand  is  abundant  along  the  route.  The  sandstone  at 
Oswego  is  unsuited  for  heavy  masonry,  but  could  be  used  for  slope 
wall. 

East  of  Oswego,  at  Chaumont,  and  north  of  Rome,  on  the  Black 
River  Canal,  there  exists  an  abundance  of  good  limestone  that  could 
be  l)rought  to  the  route  bj'  water  transportation.  Granite  is  quarried 
on  Grindstone  Island,  in  the  St.  Lawrence,  and  is  quite  abundant  on 
the  islands  at  the  head  of  the  river. 

The  route  appears  to  be  well  suited  for  the  construction  of  a  water- 
way of  large  dimensions.  The  vital  question  of  water  supply  has 
been  discussed  elsewhere,  and  there  remains  but  one  feature  concern- 
ing which  any  serious  doubt  need  be  expressed.  Between  Rome  and 
Frankfort,  in  the  Mohawk  Valley,  there  ifs  perhaps  10  miles  of  line 
alpng  which  much  of  the  material  to  be  excavated  is  loose  sand  and 
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clay,  and  the  slopes  <il'  the  <;liaiiiiel  vvoul"!  uiulouljtctUy  cadNc  soiim' 
trouble  by  caving  into  the  canal.  But  such  a  condition  means,  at 
the  worst,  an  increase  of  excavation  that  is  small  compared  with  the 
total,  and  its  importaiu'e  is  not  sutticierit  to  weiirh  heavily  against  the 
route. 

The  particular  line  along  this  route  which  has  been  selected  as  l)est 
suited  foi-  tlie  construction  of  a  canal  iiiay  be  briefly  «lescribe<!  as 
follows : 

The  line  leaves  Lake  Ontario  about  1. 1  miles  west  from  the  Oswego 
light-house,  at  a  place  known  locally  ris  Sheldons  Point,  and  passes 
through  the  outskirts  of  the  city  along  the  westerly  slope  of  a  narrow 
valley.  Tt  crosses  the  Rome,  Watertown  and  Ogdensburg  Railroad 
tracks  near  that  company's  repair  shops.  The  Delaware,  Lackawanna 
and  Western  Railroad  is  intersected  by  it  in  the  southwestern  i)art 
of  Oswego  city,  near  the  divide  between  the  Oswego  River  and  Lake 
Ontario,  and  it  then  follows  the  Delaware,  Lackawanna  and  Western 
Railroad  to  the  village  of  Minetto,  where  it  enters  the  Oswego  River, 
about  5.7  miles  from  its  mouth. 

From  Minetto  it  follows  the  river  about  4.0  miles,  to  the  northern 
part  of  the  village  of  Fulton.  There  it  crosses  the  New  York,  Ontario 
and  AVestern  Railway  and  enters  the  valley  of  a  small  creek  on  the 
east  side  of  the  river.  It  passes  up  this  creek,  along  the  easterly  side 
of  Fulton,  crosses  the  New  York,  Ontario  and  Western  Railway  again 
about  four-fifths  of  a  mile  west  of  a  flag  station  called  Ingalls,  and, 
continuing  3:^  miles  farther,  enters  a  swamp  having  an  area  of  about 
2f  miles,  and  which  is  known  as  Peter  Scott's  Swamp.  L^p  to  this 
place  the  direction  has  been  southeasterly.  Here  the  course  changes 
to  easterly  and  crosses  a  glacial  deposit  called  Sand  Ridge,  and  the 
Oneida  River,  which  skirts  the  ridge  on  the  east.  Then  it  crosses  a 
second  ridge  and  enters  the  Oneida  River,  the  channel  of  which  it 
follows  about  1.7  miles,  to  the  foot  of  Oneida  Lake,  at  Brewerton. 

The  line  passes  through  Oneida  Lake  a  little  north  of  its  axis  and 
enters  Wood  Creek  Valley  at  Sylvan  Beach,  a  summer  resort  on  the 
eastern  shore  of  the  lake.  About  5.5  miles  from  the  lake  the  line 
begins  to  rise  on  the  south  side  of  the  valley  in  order  to  pass  over  the 
Rome  summit. 

The  Erie  Canal  is  crossed  about  3.4  miles  west  of  Rome  and  again 
just  east  of  that  city.  The  New  York  Central  and  Hudson  River 
Railroad  and  the  New  York,  Ontario  and  Western  Railway  are  crossed 
in  the  southern  outskirts  of  the  city;  the  New  York  Central  and 
Hudson  River  Railroad  is  crossed  a  second  time  about  3  miles  east 
of  Rome,  and  the  line  passes  down  the  valley,  sometimes  on  one  side 
and  sometimes  on  the  other.  The  Black  River  branch  of  the  New 
York  Central  and  Hudson  River  Railroad  is  crossed  Just  west  of 
Utica,  and  the  main  line  is  crossed  again  nbout  4.7  miles  east  of 
Utica.     From   there  to  Herkimer  the  vail*  \    iianow  and  is 
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already  occupied  by  tlie  New  York  Central  and  Hudson  River  Rail- 
road and  West  Shore  railroads.  There  is  room  between  thera  for 
the  canal,  but  there  is  no  choice  of  location,  and  the  present  channel 
of  the  Mohawk  must  give  place  to  that  of  the  proposed  waterwaj  . 

DETAILED  DESCRIPTION   AND  ESTIMATES. 

Estimates  have  been  made  for  two  channels  having  depths  of  21 
and  30  feet,  respectively,  and  two  radically  different  plans  have  been 
considered  for  passing  the  summit  at  Rome.  The  high-level  plan  is 
to  pass  over  the  summit  with  a  minimum  amount  of  excavation,  to 
use  a  short  high  level  at  Rome,  and  to  bring  the  water  supply  from 
the  Black  River  Valley  through  a  feeder  92.75  miles  long.  The  sur- 
vey and  estimate  for  the  feeder  were  not  a  part  of  the  work  of  this 
division. 

The  low-level  plan  is  to  convert  Oneida  Lake  into  a  great  storage 
reservoir  and  excavate  a  channel  through  the  Rome  divide  that  w  ould 
permit  the  waters  of  the  lake  to  flow  eastwaini  into  the  Mohawk 
Valley. 

Thip  description  is  written  chiefly  with  reference  to  a  30- foot  chan- 
nel on  the  high-level  plan,  but  it  applies  generally  to  a  21-foot 
channel  as  well,  and  the  portions  of  the  route  north  of  Fulton  and 
east  of  Frankfort  are  common  to  both  of  the  above-mentioned  plans. 

The  elevation  of  water  surface  of  the  river  level  from  Minetto  to 
Fulton  is  determined  by  the  crest  of  the  lower  Fulton  dam.  There 
are  two  dams  at  Fulton,  which  supply  water  to  the  Oswego  Canal  and 
to  numerous  mills  and  factories.  It  is  considered  that  if  either  dam 
is  to  be  affected  by  the  proposed  waterway  it  will  be  more  economical 
to  wipe  out  one  dam  entirely  than  to  either  partly  submerge  one  or  to 
wholly  submerge  one  and  part  of  the  other. 

As  a  general  proposition,  it  is  more  economical  to  raise  the  water 
surface  of  a  stream  and  buy  the  property  submerged  than  to  obtain 
the  necessary  depth  of  water  by  excavation. 

With  the  water  surface  raised  to  the  crest  of  the  lower  Fulton  dam 
the  submerged  territoiy  will  include  some  low  ground  west  of  Minetto, 
a  small  cemeteiy  just  south  of  Minetto,  a  small  amount  of  land  along 
the  river,  a  portion  of  the  Black  Creek  Valley,  the  Battle  Island 
dam,  and  the  lower  jjart  of  Fulton,  which  is  thinly  settled,  but 
includes  several  shops  and  factories.  Black  Creek  is  a  small  stream 
which  enters  the  river  from  the  east  about  halfway  between  Minetto 
and  Fulton,  and  Battle  Island  dam  is  located  in  the  river  just  below 
the  mouth  of  Black  Creek.  At  present  it  is  only  used  to  furnish 
water  to  the  Oswego  Canal,  but  the  right  to  the  surplus  waters  for 
power  purposes  is  held  by  private  parties. 

It  is  proposed  to  build  a  dam  a  little  south  of  Minetto  to  raise  the 
water  to  the  desired  elevation,  and,  by  means  of  an  embankment 
through  the  village  and  an  excavated  prism  beyond,  to  extend  the 


dp:ep  watkkvvays.  447 

same  level  northward  across  the  siimniit  between  the  river  and  the 
lake  to  the  outskirts  of  Oswejj^o,  where  the  slope  of  the  ground  makes 
it  necessary  to  lock  down  toward  the  lake.' 

If  the  water  surface  were  fixed  at  a  lower  elevation,  there  would  be 
a  great  increase  of  rock  excavation  in  the  river  channel  and  also  in 
the  earth  excavation  north  of  Minetto,  the  Fulton  dam  would  be  only 
partially  submerged,  and  other  conditions  would  not  be  varie<l  enough 
to  materially  lessen  the  expense.  If  it  were  fixed  at  a  higher  eleva- 
tion, the  rock  excavation  in  the  river  channel  would  not  be  materi- 
ally lessened ;  the  earth  excavation  in  the  canal  prism  north  of  Minetto 
would  be  lessened,  but  the  Miiietto  embankment  would  be  increased 
in  height,  which  is  objectionable;  the  additional  property  flooded  in 
Fulton  would  be  more  valuable  in  proportion  than  that  which  it  is 
proposed  to  submerge,  and  the  head  available  for  power  at  the  upper 
Fulton  dam  would  be  lessened.  These  conditions  were  deemed  suffi- 
cient to  determine  the  elevation  without  nmking  anj-  comparative 
estimates. 

The  low-water  elevation  of  Lake  Ontario  is  245.4,  and  the  elevation 
proposed  for  the  water  surface  of  the  river  level  is  331.  The  differ- 
ence— 85.0  feet — has  been  divided  between  four  locks,  each  having  a 
lift  of  21.4  feet.  The  first  is  located  on  the  shore  of  the  lake,  so  as  to 
save  excavation  by  rising  as  quickly  as  possible  above  the  lake  level. 
The  next  two  locks  are  combined  in  one  structure,  and  located  near 
the  Rome,  Watertown  and  Ogdensburg  Railroad  roundhouse,  where 
there  is  a  sudden  rise  of  ground,  which  makes  such  an  arrangement 
economical.  The  fourth  lock  is  located  in  the  southwestern  part  of 
the  city  of  Oswego.^ 

The  channel  connecting  the  first  lock  with  deep  water  in  the  lake  is 
about  1,700  feet  long  and  600  feet  wide.  The  material  to  be  excavated 
is  solid  rock.  Timber  cribs  have  been  planned  for  mooring  vessels 
and  guiding  them  into  the  lock,  but  the  question  of  breakwaters  to 
protect  the  entrance  has  not  been  considered  in  this  i-eport.  That 
subject  has  been  treated  separately  in  Appendix  No.  3.  'Hie  design 
of  locks  Nos.  2  and  3  is  such  that  the  water  may  not  always  pass 

'  See  footnote  following  for  change  of  this  proposed  plan. 

"After  having  been  further  considered  by  the  Board,  the  location  of  the  fourth 
lock  has  been  changed  since  this  report  was  completed.  The  new  location  is  in 
the  village  of  Minetto,  a  short  distance  below  the  proposed  dam  at  this  place.  By 
the  first  location  of  the  lock  the  canal  would  be  carried  through  the  village  for  a 
distance  of  about  a  mile  between  earth  embankments  having  an  average  height 
of  about  20  feet  and  a  maximum  height  of  30  feet.  The  interests  involved  by  the 
waterway  itself  and  the  village  below  the  embankment,  shduld  a  break  occur  in 
the  same,  have  been  deemed  suflBcient  to  warrant  the  change.  With  this  location 
the  entire  canal  section  is  below  the  surface  of  the  ground.  The  adopted  estimates 
have  been  changed  accordingly,  the  mcrease  in  cost  over  the  first  location  bemg, 
for  the  -W-foot  channel.  .$1,190,413.  and  for  the  31-foot  channel  $r)98,471.  See  plate 
18  for  this  relocation. 
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throu,iih  to  the  level  below,  as  required,  so  slniee  ijates  and  a  by-pass 
have  been  provided  to  feed  water  around  the  structure. 

The  dam  at  Minetto  is  42  feet  high  above  the  river  bed  and  50  feet 
above  the  rock,  and  has  a  spillway  750  feet  long.  It  is  built  of  con- 
crete and  founded  on  solid  rock,  lint  the  wings  are  anchored  in  banks  of 
compact  gravel  and  clay.  While  the  construction  of  the  wings  would 
be  less  difficult  and  expensive  if  they  could  be  built  in  rock,  it  is  be- 
lieved that  they  can  be  made  perfectly  secure  in  the  existing  material. 

No  guard  lock  has  been  planned  where  the  canal  leaves  the  river, 
because  the  fluctuation  of  flow  in  the  Oswego  River  is  not  great,  and 
can  be  provided  for  at  a  less  cost  by  raising  the  lock  walls  at  the  lower 
end  of  the  level  and  the  canal  banks  through  the  village  of  Minetto. 

The  usual  flood  in  the  Oswego  River  is  about  25,000  cubic  feet  per 
second;  the  maximum  flood  recorded  is  about  42,000  cubic  feet  per 
second.  It  is  proposed  at  times  to  turn  10,000  cubic  feet  per  second 
westward  from  the  Mohawk  into  Oneida  Lake.  With  a  spillway  750 
feet  long,  a  flow  of  52,000  cubic  feet  per  second  will  produce  a  depth  on 
its  crest  of  about  8  feet.  The  lock  walls  at  the  lower  end  of  the  level  and 
the  slope  walls  along  the  level  are  planned  10  feet  higher  than  the 
crest  of  the  dam.^ 

But  a  flood  of  10,000  cubic  feet  pei-  second  from  the  Mohawk  would 
spread  out  over  Oneida  Lake  and  probably  be  exhausted  before  it 
could  create  a  flow  of  10,000  cubic  feet  per  second  in  the  Oneida  and 
Oswego  rivers.  Moreover,  to  cause  the  maximum  floo<l  on  the  (Jswego 
would  require  that  a  maximum  flood  should  occur  on  the  Seneca,  the 
Oneida,  and  the  Upper  Mohawk  simultaneously.  Maximum  floods 
usually  occur  when  a  warm  rain  falls  on  a  layer  of  snow.  It  seldom 
happens  that  a  heavy  rain  occurs  on  these  three  streams  at  once,  and 
it  is  still  more  seldom  that  they  are  all  covere<l  with  snow.  If  ( )neida 
Lake  is  made  a  storage  reservoir,  the  condition  of  a  full  reservoir 
would  be  added  to  those  necessary  for  a  maximum  flood,  and  the 
probability  of  its  occurrence  would  be  still  further  lessened. 

In  the  river  level,  where  it  is  necessary  to  increase  the  depth  by 
excavation,  the  submerged  shoulders  of  the  excavated  prism  would 
be  invisible  to  navigators,  and  the  river  currents  would  make  boats 
more  difficvdt  to  guide  than  when  in  a  regular  canal  prism.  To  lessen 
these  difficulties  the  bottom  width  of  the  channel  in  the  river  has  been 
made  400  feet  instead  of  203  feet  or  250  feet,  as  shown  in  the  regular 
canal  sections. 

The  fifth  lock  is  situated  on  Waterhouse  Creek,  in  the  northeastern 
part  of  Fulton,  and  has  a  lift  of  22^  feet.     The  volume  of  excavation 

'  The  results  of  the  Coraell  experiments,  which  have  become  available  since  Mr. 
Himes  wrote  his  report,  show  that  a  coefficient  of  4  may  be  used  for  ogee  dams. 
Recomputing  the  height  of  high  water  over  the  Minetto  dam,  we  obtain  6.7  instead 
of  8.  This  allows  the  height  of  lock  walls  and  slope  walls  to  be  reduced  t  foot 
and ^Iso  decreases  the  amount  of  territory  estimated  as  flooded.  (See  also  foot- 
note on  the  preceding  page. ) 
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could  be  lessened  and  an  equally  good  foundation  secured  by  i^lacing 
the  lock  nearei"  the  river.  The  reason  this  was  not  done  is  because 
the  canal  pi'isni  al)Ove  the  lock  would  be  excavated  through  beds  of 
gravel  so  coarse  and  porous  that  it  is  doubtful  wliether  it  would  hold 
water.  A  more  thorough  examination  of  the  material  might  justify 
the  location  of  the  lock  nearer  the  river,  but  it  is  safer  with  present 
inforniation  to  l)ase  the  estimate  on  the  location  selected. 

The  valley  al)ove  lock  No.  5  rises  quite  rapidly,  and  another  lock, 
with  a  2:J^-foot  lift,  is  planned  1.193  miles  farther  along  the  line. 

In  locating  the  locks  no  attempt  has  been  made  to  economize  ex^a- 
vatit)n  by  placing  them  so  as  to  require  earthen  emhankmonts  to  form 
the  sides  of  the  prism  just  above,  it  being  considered  that  ♦^he  interests 
which  would  justify  the  construction  of  so  great  a  waterway  should 
not  be  jeopardized  by  the  use  of  earthen  dams  to  retain  21  feet  or  30 
feet  of  water.  Throughout  the  entire  plan  the  water  surface  has  been 
kept  as  near  as  practicable  to  the  natural  earth  surface,  and  where 
embankments  can  not  be  avoided  there  is  always  a  great  surplus  of 
excavation  which  may  be  used  to  give  them  an  excess  of  strength. 

Lock  No.  6  raises  the  canal  to  the  proposed  low-water  elevation  of 
Oneida  Lake,  which  is  376.  The  lake  level  is  -10.833  miles  long,  and 
reaches  from  near  Fttlton  across  Oneida  Lake  and  ui)  the  Wood  Creek 
Valley  5.5  miles  beyond  Sylvan  Beach.  The  line  crosses  the  New 
York,  Ontario,  and  "Western  Railway  1.4  miles  beyond  lock  No.  G,  near 
the  summit  of  the  divide  between  Waterhouse  Creek  and  Peter  Scott's 
swamp.  The  creek  drains  into  the  Oswego  River,  and  the  swamp 
drains  into  the  Oneida  River. 

The  surface  of  the  swamp  is  about  12  feet  lower  thati  the  canal 
water  surface,  and  this  is  one  of  the  few  places  where  an  embankment 
has  been  planned.  The  canal  passes  near  the  center  of  the  swamp, 
where  the  earth  is  very  soft  to  a  depth  of  70  feet,  and  t"he  construction 
of  an  embankment  tipon  it  to  hold  12  feet  of  water  would  1)e  rather 
hazardous;  btit  along  the  banks  of  the  Oneida  River,  on  the  southern 
margin  of  the  swamp,  the  earth  is  mtich  firmer  and  the  distance 
between  high  ground  on  either  side  is  much  shorter  than  along  the 
line  of  the  canal.  It  has  therefore  been  i)lanned  to  submerge*  the 
entire  swamp  by  building  an  embankment  along  the  river.  Two 
small  creeks  run  through  the  swamp  into  the  river  and  should  be  cut 
off  by  dams  before  building  the  embankment. 

The  embankment  is  to  be  10  feet  higher  than  low-water  surface  in 
the  lake  and  well  lined  with  riprap.  There  is  an  abundance  of  cla}' 
and  gravel  with  which  to  build  it,  and  the  great  volume  of  material  to 
be  excavated  in  Sand  Ridge  on  the  east  side  of  the  swamp  may  be 
used  to  give  it  a  cross  section  largely  in  excess  of  any  possible 
requirement. 

The  deepest  cut  on  the  line  is  encountered  in  Sand  Ridge,  the  nuixi- 
mum  being  about  8-1  feet. 
H.  Doc.  14y 29 
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At  the  crossing  of  the  Oneida  River  on  the  east  side  of  the  ridge  a  weir 
has  been  planned  to  raise  the  water  surface  of  the  river  and  lake  perma- 
nently to  an  elevation  of  376,  which  is  the  highest  known  stage  of  the 
lake.  It  is  proposed  to  build  a  timber  structure,^  with  gates  to  be  used 
when  necessary,  to  maintain  the  low-water  flow  of  the  stream.  The 
foundation,  as  shown  by  the  nearest  borings,  is  compact,  gravelly  earth. 

To  provide  for  evaporation  and  to  maintain  the  present  supplj''  for 
power  purposes  at  Phoenix  and  Fulton  during  the  summer  months, 
the  crest  of  the  weir  is  raised  to  378,  thus  making  a  storage  depth  of 
2  feet.  The  excess  of  evaporation  over  precipitation  during  naviga- 
tion season  will  not  exceed  16  inches,^  and  the  balance,  8  inches,  may 
be  used  for  power  purposes.  The  data  to  determine  just  how  much 
water  is  needed  to  maintain  the  low-water  flow  of  the  stream  are  not 
available,  but,  when  it  is  determined,  the  storage  depth  could  be  varied 
sufficiently  to  furnish  the  required  amount  without  materiallj*  affect- 
ing the  present  estimate. 

The  crest  of  the  weir  is  to  be  800  feet  long  and  will  discharge  a  flow 
of  22,000  cubic  feet  per  second  with  a  depth  of  4:.l  feet  on  its  crest. 

The  maximum  flood  in  the  Oswego  River  is  about  42,000  cubic  feet 
per  second.  The  area  of  the  watershed  is  5,002  square  miles,  10,6 
per  cent  of  which  lies  north  of  Three  River  Point.  If  we  assume  that 
the  maximum  flood  at  Three  River  Point  is  42,000  cubic  feet  per  sec- 
ond, and  that  it  is  divided  between  the  Oneida  and  Seneca  rivers  in 
proportion  to  the  areas  of  their  respective  watersheds,  the  flow  from 
the  Oneida  is  12,000  cubic  feet  per  second,  and  that  from  the  Seneca 
is  30,000  cubic  feet  per  second. 

But  in  the  Oneida  basin  the  pondage  area  is  15.55  per  cent  of  the 
total  and  in  the  Seneca  basin  the  pondage  area  is  8. 9  per  cent  of  the 
total,  so  it  is  probable  that  the  discharge  of  the  Seneca  would  be  the 
greater  in  proportion  and  that  the  flow  assumed  for  the  Oneida  is 
excessive. 

It  has  alreadj^  been  stated  that  in  time  of  maximum  flood  it  is 
intended  to  turn  10,000  cubic  feet  per  second  westward  from  the 
Mohawk,  and  the  sum  of  the  two  volumes,  22,000  cubic  feet  per  sec- 
ond, is  the  amount  for  which  the  weir  is  jjlauned. 

In  the  case^  of  ordinary  floods  there  would  be  no  flow  from  the 
Mohawk,  and  the  Oswego  flood  of  25,000  cubic  feet  per  second  pro- 
portioned between  the  Seneca  and  Oneida  rivers,  as  before,  would 
produce  a  depth  on  the  weir  of  1.92  feet.* 

^  In  the  finals  this  dam  was  estimated  to  be  built  of  concrete. 

*See  low-ievel  plan,  water  supply, 

3  See  Report  on  Water  Supply,  Appendix  No,  16. 

''Since  Mr.  Himes's  report  was  completed,  the  control  of  the  Oneida  River  has 
been  further  considered  by  the  Board,  and  the  adopted  estimates  changed,  as  out- 
lined below.  By  Mr.  Himes's  plan,  flash  boards  or  some  form  of  movable  dam 
would  be  required  to  raise  the  crest  of  the  weir  2  feet  at  low  water.  It  was 
thought  that  flash  boards  3  feet  high  would  hardly  be  in  accordance  with  a  work 
of  this  character.    Since  a  movable  dam  must  be  built,  a  dam  with  2-foot  head 
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By  this  arrangement,  if  it  should  hapi)en  that  an  extreme  flood 
occurred  simultaneously  in  the  Mohawk,  Oneida,  and  Seneca  rivers, 
the  extra  volume  of  U),00(J  cubic  feet  i)er  second  from  the  Mohawk 
would  make  a  higher  flood  than  has  yet  occurred  at  Three  River  Point. 
Such  a  contingency  is  not  likely  to  occur,  but  if  it  did,  little  damage 
would  be  done  beyond  the  flooding  of  an  increased  area  of  farming 
land.  Even  this  damage  could  be  avoided  by  building  a  bear  trap  in 
the  prc^sent  Phoenix  dam;  but  it  is  thought  unnecessary  and  has  not 
been  included  in  the  estimate. 

A  flood  in  the  Oswego  River  below  Phoenix,  10,000  cubic  feet  per 
second  in  excess  of  the  maximum  flood  recorded,  would  probably  do  a 
little  damage  at  Fulton.  Below  that,  if  the  canal  should  follow  the 
river  to  the  lake,  as  described  later,  the  increased  section  of  waterway 
would  carry  the  flood  without  difficulty.  If  the  canal  should  leave 
the  river  at  Minetto,  as  above  described,  an  excessive  flood  would  do 
some  damage  at  Minetto  and  Oswego;  but  such  a  flood  would  occur  so 
rarely,  if  at  all,  and  the  damage  would  be  so  small,  that  it  would  be 
cheaper  to  pay  the  damage  than  to  provide  works  to  avoid  it. 

The  lowest  stage  of  the  water  in  Oneida  Lake  is  probably  368.5,  and 
the  highest  376.  No  very  valuable  property  would  be  injured  by  rais- 
ing the  water  surface  to  378,  except  at  Sylvan  Beach.  There  the 
ground  is  so  low  that  i:)ractically  the  whole  place  would  be  destroyed. 
The  tracks  of  the  New  York,  Ontario  and  Western  and  the  Lehigh 
Valley  railroads,  which  cross  the  valley  near  Sylvan  Beach  would  need 
to  be  raised  a  few  feet  and  the  embankments  heavily  riprapped. 

The  line  adopted  through  the  lake  is  that  of  least  excavation.  It 
has  but  two  curves,  one  a  little  west  of  the  center  of  the  lake  and 
the  other  at  the  entrance  to  the  canal  at  the  eastern  end  of  the  lake. 
A  straight  channel  could  be  made  through  the  lake  at  a  somewhat 
greater  expense  for  excavation;  and  in  the  case  of  a  21-foot  channel 
the  increased  excavation  would  be  so  slight  that  the  straight  channel 
might  be  preferable  to  the  one  adopted. 

The  lake  is  less  than  30  feet  deep  for  a  distance  of  6.8  miles,  meas- 
ured from  its  western  end.  At  the  eastern  end  there  is  only  one-half 
mile  of  water  less  than  30  feet  deep.  Where  it  is  necessary  to  dredge 
a  channel  the  proposed  bottom  width  is  600  feet,  so  that  open- water 
navigation  will  practically  extend  the  whole  length  of  the  lake. 

Here  and  in  Peter  Scott's  swamp  the  material  is  so  soft  that  the 
excavation  has  been  estimated  on  slopes  of  1  on  3  instead  of  1  on  2, 
as  shown  on  the  standard  cross  section. 

would  not  cost  materially  less  per  linear  foot  than  one  with  5  feet  of  head.  It  is 
therefore  proposed  to  reduce  the  length  of  weir  to  300  feet  and  the  elevation  of 
crest  of  the  fixed  portion  to  373.  The  movable  portion  of  the  dam  is  designed  to 
raise  the  elevation  of  crest  to  378.  The  sluice  gates  mentioned  by  Mr.  Himes  are 
designed  for  a  high-water  discharge  of  10,000  cubic  second-feet.  This  leaves 
12,000  as  the  maximum  discharge  over  the  weir.  Using  3..")  as  the  coeflQcient  of 
discharge,  the  depth  of  flow  on  the  fixed  weir  at  high  water  would  be  5.1,  or  the 
high- water  elevation  would  be  378.1. 
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Fish  Creek,  which  unites  with  Wood  Creek  jus^  before  it  enters 
Oneida  Lake,  is  a  much  larger  stream  than  the  latter  and  carries  large 
volumes  of  silt  into  Oneida  Lake.  It  is  therefore  impracticable  to 
receive  it  into  the  canal,  and  an  estimate  has  been  made  for  a  diver- 
sion channel  to  turn  its  waters  into  Oneida  Lake,  north  of  the  canal 
entrance. 

Two  timber  crib  piers  are  provided  at  Sylvan  Beach  to  prevent  the 
loose  sand  on  the  shore  from  being  washed  into  the  channel. 

At  the  west  end  of  the  lake  the  material  is  more  compact  and  no 
such  protection  is  required. 

The  next  lock,  which  is  the  seventh  from  the  beginning,  is  located 
at  the  first  place  east  of  the  lake,  where  the  ground  is  high  and  firm 
enough  to  build  at  a  higher  level  and  where  a  suitable  lock  founda- 
tion exists.  The  lock  is  a  little  south  of  Wood  Creek  and  has  a  lift 
of  20  feet. 

The  eighth  lock,  which  is  the  last  of  the  ascending  series,  has  also  a 
lift  of  20  feet,  and  is  located  4.356  miles  beyond  Lock  No.  7  and  about 
4  miles  west  from  Rome.  The  water  surface  of  the  summit  level  has 
an  elevation  of  416  feet  above  the  sea  and  170.6  feet  above  low  water 
in  Lake  Ontario. 

The  subject  of  floods  on  the  Mohawk  has  been  investigated  by  Mr. 
Rafter,  and  it  is  understood  that  a  flow  of  35,000  cubic  feet  per  sec- 
ond at  Little  Falls  can  be  taken  safely  down  the  river.  It  is  to  pro- 
vide for  the  contingency  of  a  greater  flood  that  plans  have  been  made 
to  take  10,000  cubic  feet  per  second  westward  from  the  summit  level 
into  Oneida  Lake.  To  do  this  by-passes  have  been  designed  to  con- 
vey the  water  around  Locks  Nos.  7  and  8,  and  the  discharge  through 
the  passes  would  be  controlled  by  gates,  so  that  no  water  at  all  would 
go  that  way  except  when  desired. 

West  of  Rome  tlie  line  crosses  a  wide  plain  through  whicli  it  fol- 
lows the  line  of  greatest  depression  of  the  underlying  rock.  At  Rome, 
where  there  is  no  rock,  it  passes  through  the  southern  outskirts  of  the 
city  along  the  lowest  ground  between  the  Wood  Creek  and  Mohawk 
basins. 

From  Rome  eastward  to  the  end  of  the  division  the  Mohawk  is  too 
small  to  be  considered  in  the  location  of  the  canal.  The  river  is  so 
crooked  that  it  is  frequently  crossed  by  the  canal,  but  the  section  of 
the  latter  is  so  much  the  greater,  and  near  Rome  its  water  surface  is 
so  much  lower,  that  it  would  carry  all  the  drainage  and  the  river 
channel  would  be  of  no  further  use. 

About  a  mile  east  of  Rome,  on  the  south  side  of  the  valley,  the 
canal  passes  through  a  rock  cut  in  which  it  is  proposed  to  receive  the 
water  of  the  Mohawk.  The  channel  is  enlarged  to  lessen  the  disturb- 
ance that  may  be  caused  by  the  currents,  and  a  basin  and  weir  are 
planned  to  intercept  the  gravel  and  silt  that  may  be  borne  down  by 
the  stream. 
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At  Oriskany  there  is  planned  a  weir  and  lock,  having;  a  lift  of  20 
feet.  This  lock  is  the  first  in  the  deseen<lin<;  series  east  of  Rome. 
Oriskany  Creek  is  to  be  received  into  the  pool  above  the  weir,  and 
will  in  no  way  aflfect  the  canal. 

A  similar  weir  and  dam  are  planned  at  Frankfort,  the  lift  being  20 
feet  as  at  ()i-iskany.  The  locations  of  both  these  locks  are  det«'rmined 
by  the  presence  of  rock  that  may  serve  as  foundations. 

The  Frankfort  lock  is  the  tenth  and  last  on  the  western  division. 
The  elevation  of  water  surface  below  the  lock  is  376,  the  same  as  on 
Oneida  Lake,  Some  additional"  work  is  required  to  collect  the  waters 
of  the  small  streams  between  Rome  and  Frankfort  and  convej^  them 
to  places  where  they  can  be  received  into  the  canal  without  injury  to 
its  slopes.     This  work  has  been  included  in  the  estimates. 

In  making  the  excavations  between  Rome  and  Frankfort,  it  will  be 
necessary  in  those  places  where  the  material  is  very  soft  to  carry  it  a 
considerable  distance  from  the  channel  in  order  to  prevent  the  super- 
imposed weight  from  forcing  in  the  banks  of  the  canal. 

With  the  exception  of  the  Oneida  River  dam,  all  of  the  structures 
have  foundations  of  solid  rock.  No  borings  have  been  made  since  the 
various  structures  have  been  located,  save  in  the  case  of  the  upper 
lock  at  Fulton,  and  consequently  it  may  be  expected  that  a  detailed 
examination  of  the  lock  sites  might  show  an  occasional  slight  change 
of  location  to  be  desirable,  but  the  borings  that  were  made  are  suffi- 
cient to  show  the  presence  of  rock,  so  that  the  locations  could  be 
selected  within  narrow  limits. 

The  estimates  have  been  made  according  to  standard  plans  and 
prices,  which  are  fully  described  in  the  report  of  your  Board,  and  need 
not  be  discussed  here. 

Table  No.  1  gives  the  lengths  of  levels,  lifts,  and  costs  of  the  locks; 
Table  No.  2  gives  the  location,  kind,  and  cost  of  the  bridges;  Table 
No.  3  shows  the  alignment;  Table  No.  4  gives  the  different  classes 
of  navigation  with  the  percentages  of  each,  and  Tables  Nos.  5  and  6 
give  the  total  estimated  costs  of  21  and  30  foot  channels,  respectively. 
These  six  tables  all  pertain  to  the  high-level  plan. 

Table  No.  1. — Locks  for  high-level  plan. 


No.  of 
lock. 


Location  of  lock. 


Single  or 
double 
lock. 


Elevation  of  low 
water. 


Below.      Above. 


Lift,  in 
feet 


Length 
of  level, 
in  miles. 


1 Oswego,  N.  Y Single  — 

:2and3 do Double... 

Single 

—  do.... 
do.... 


4 Minetto,  N.  Y 

5 Fulton,  N.  Y  .. 

6.. 

7.. 
8.. 
9.. 
10. 


....do 

6  miles  east  of  Sylvan  Beach , do 

4  miles  west  of  Rome ' do... 

Oriskany,  N.  Y do... 

Frankfort,  N.  Y do... 

Head  gates,  lock  lU,  to  end  of  division. 


245.4 

26B.8 
30!t.  B 
331.0 
aj3. 5 
37t5.0 
390.0 
396.0 
376.0 


Total 


266.8 
309.6 
3:31.0 
35:3.3 
376.0 
396.0 
416.0 
416.0 
396.0 


21.4 

42.8 
21.4 
22.5 
22.5 
30.0 
20.0 

ao.o 

20.0 


210.5 


0.890 

4.384 

5.900 

1.19:3 

40.8:3:3 

4  :3.V> 

i:{.  6t8 

15.UI0 

4.529 

90.T33 
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Table  No.  1. — Locks  for  high-level  plain— Continned. 

COST. 


No.  of  lock. 

30-foot 
channel. 

21-foot 
channel. 

Operating 
machin- 
ery, 30- 
foot  and 
21-foot 
channels. 

1  

§1,054,942 
.3.456,980 
1, 109, 991 
1.076,69:} 
1,072,  44;i 
1,031.659 
l.(«l.&59 
1,042.387 
l.t)42.387 

$841,108 
2,179,291 
681,426 
662,834 
662,808 
634.  7:« 
626, 933 
634,481 
634,481 

$100,000 
175  0(X) 

2  and  3 

4                    

KNI  (KX) 

5 

1(K)  (K)0 

6 

100  (KM) 

7 

100,000 

8 

100.000 

9  

100  000 

10 

100,000 

Operating  machinery 

11,919.141 
975,000 

7,a58,095 
975,000 

975,000 

Total 

12,894,141 

8,333,095 

Note.— In  giving  the  lifts  of  locks  no  account  is  made  of  the  fluctuations  of  water  surfaces 
al  c 


due  to  natural  causes. 


Table  No.  2. — Bridges  for  high-level  plan. 


Sta- 
tion. 

Kind  of 
bridge. 

Num- 
ber of 
tracks. 

Fixed  or 
swing. 

Num- 
ber of 
spans. 

30-foot  channel. 

21-foot  channel. 

Location. 

Total 
length. 

Esti- 
mated 
cost. 

Total 
length. 

Esti- 
mated 
cost. 

Oswego,  N.Y 

Dc  

15 
87 
110 
275 
5.>4 
582 

Highway 
Railway  . 
Highway 
do 

2 

Swing 

do.... 

do.... 

1 

.545.0 
550.0 
545.0 

2;».o 

537.5 
235.0 
400.0 
5:37.5 
5.37.5 
545.0 
537.5 
537.5 
545.0 
550.0 
5.50.0 
235.0 
54.5.0 
545.0 

$68,240 

221,429 

116,534 

19,986 

1.52,916 

19,986 

25,090 

141,362 

141. 184 

95. 4.56 

142.548 

137,444 

9.5.456 

221,429 

221,429 

19,986 

9,5,456 

95,456 

.525. 0 
5:^0.0 
52.5.0 
195. 0 
517.5 
195.0 
400.0 
517.5 
517.5 
52.5.0 
517.5 
517.5 
52,5.0 
530.0 
530.0 
195.0 
525.0 
525.0 

$66,796 
196, 161 
98.  i:?8 

Near  Oswego,  N .  Y 

Minetto.N.Y 

do.... 

16  6.50 

Fulton,  iS.Y 

Do 

Railway  . 
Highway 
do 

1 

do.... 

do 

132. 174 
1()  ().50 

Caughnedoy,N.Y' 

Fixed.... 

Swing 

do 

do.... 

25  (M) 

Brewerton,  N.  Y.. 
Sylvan  Beach, N.Y 
Rome,  NY 

1403 
2.550 
3292 
3304 
3995 
4038 
4236 
4242 
4555 
4648 
4747 

Railway  . 

do 

Highway 
Railway  . 

do 

Highway 
Railway  . 

do.... 

Highway 

do 

1 
1 

134.146 
125. 796 
80.820 

Do 

1 
1 

do.... 

do.... 

....  do 

117,236 

Utica,N.Y 

Do 

117.236 
80  820 

NearUtica.N.Y.. 
Do 

2 
3 

do 

do.... 

do.... 

196, 161 
196, 161 

Frankfort,  N.  Y  . . 

16,650 

Ilion,  N.Y 

....  do.... 

80,820 

Herkimer,  N,  Y. .. 

do.... 

do.... 

80,820 

Total 

2,031,387 

1, 782, 500 

'  Not  over  channel. 

Table  No.  S.— High-level  plan. 


Length  of 
tangent. 

Length  of 
curve. 

S&T' Degree  of 
curvSe.i'^"^^-*"^-^- 

Percent- 
age of 
tangent. 

Percent- 
age of- 
curvature. 

Miles. 
70,990 

Miles. 
19,743 

Feet. 
4,523.4 

687    3i 

78.24 

2L76 

Table  No.  4. — High-level  plan. 


Miles.    Per  cent. 

Openwater 

20.928 

4.962 

64.843 

23.06 

Improved  waterways 

S.47 

Canal  prism .         .                       ... 

71.47 

Total 

90.733          100.00 
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Table  No.  5. — Estimate — Oswego- Mohmi'k  route,  western  division. 
HIGH-LEVEL  PLAN— 30-FOOT  CHANNEL. 

Lake  Ontario  section  (station  —26  +  00  to  —9  +20): 

Excavation — 

Submerged  rock,  349,670  cubic  yards,  at  $2 „ $699, 340 

Breakwater  (Appendix  No.  3)   1,190,317 

Crib  work — 

Pine.  2,415,600  feet  B.M.. at  $;^0 per  M.... 72,468 

Hemlock,  5,840,620  feet  B.M.,  at $23  per  M 134,334 

Oak,  97,920  feet  B.  M.,at$50perM 4,896 

Iron,  742,870  pounds,  at  3  cents 22,286 

Stone  fill,  102,034  cubic  yards,  at  60  cents 61,220 

Total 2,184,861 

Oswego- Minetto  section  (station  —9  +  20  to  288  +  00): 

Excavation — 

Earth,  dry,  11,866,321  cubic  yards,  at  20  cents 2, 373, 264 

Rock,  dry,  1,969,596  cubic  yards,  at  65  cents 1,280,237 

Retaining  wall,  143.479  cubic  yards,  at  $4 573.916 

Masonry  in  by-passes.  4.300  cubic  yards. at  $4 17,200 

Slope  wall,  68,448  square  yards,  at  $1.10 75,293 

Backfill,  449,336  cubic  yards,  at  25  cents 112,334 

Crib  work — 

Pine,  2,374,400  feetB.  M., at  $30  per  M.. _ 71,232 

Hemlock,  6,992,000  feet  B.  M. ,  at  $23  per  M 160. 816 

Oak.  96,920  feetB.  M..  at  $25  per  M 2,423 

Iron,  786,632  pounds,  at  3  cents 23,599 

Stone  fill,  125,856  cubic  yards,  at  60  cents 75,514 

Railroad  and  highway  changes - 29,660 

Locks- 
No.  1 - 1,054,942 

Nos.  2and3 3,456,980 

No.  4 1,109,991 

Lock-operating  machinery — 

2  sets  single,  at  $100,000 200,000 

1  set  double,  at  $175,000 175,000 

Bridges 426.189 

Right  of  way — 

City  property,  277  acres,  at  $2,080 576,160 

Farmland,  729  acres,  at  $200 145,800 

Total 11,940.5.50 

Minetto-Fulton  section  (stations  288+00  to  550+00): 

Excavation — 

Earth,  1,911,170  cubic  yards,  at  18  cents 344.011 

Rock,  dry,  117,208  cubic  yards,  at  65  cents 76,224 

Slope  wall,  14,508  square  yards,  at  $1.10 15,959 

Minetto  dam  (No.  1) — 

Excavation,  25,567  cubic  yards,  at  20  cents 5, 113 

Masonry  in  dam  and  abutments,  44,913  cubic  yards,  at  $6 269,478 

Cofferdams,  estimated  cost 55,  IXK) 

Railroad  and  highway  changes  ... 25, 670 
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Minetto-Fulton  section — Continued. 
Right  of  way: 

Farmland,  1,154  acres,  at  $100 $115,400 

Swamp  land,  408  acres,  at  $12.50 - 5, 100 

Water  rights,  Battle  Island  dam 150.000 

Total- -.    .- 1,061.955 

Fulton-Brewerton  section  (stations  550  +  00  to  1410  +  00) : 

Excavation  — 

Earth,  dry,  29,190,187  cubic  yards,  at  18  cents 5,254,234 

Rock,  dry,  2,047,113  cubic  yards,  at  65  cents. 1,330,623 

Dike  in  Peter  Scott's  swamp: 

Excavation,  383,000  cubic  yards,  at  18  cents .  68,940 

Embankment,  588.000  cubic  yards,  at  25  cents 147.000 

Riprap,  71,000  cubic  yards,  at  90  cents 63.900 

Retaining  wall,  129,353  cubic  yards,  at  $4 517,412 

Slope  wall,  201,946  square  yards,  at  $1.10 222,141 

Back  fill,  548,894  cubic  yards,  at  25  cents 137.224 

Crib  work — 

Pine,  1,903,200  feet  B.  M..  at  $30  per  M... 57.096 

Hemlock,  7,423,680  feet  B.  M.,  at  $23  per  M 170,745 

Oak,  52,560  feet  B.  M. ,  at  $50  per  M  _ 2,628 

Iron,  788,404  pounds,  at  3  cents 23,652 

Stone,  125.172  cubic  yards,  at  60  cents -.- 75. 103 

Oneida  River  dam  (No,  2) — 

Excavation,  14,000  cubic  yards,  at  18  cents 2,520 

Embankment.  43.700  cubic  j'ards,  at  15  cents 6. 555 

]\Iasonry  in  dam  and  abutments,  6.018  cubic  yards,  at  $6 36. 108 

Two  Stoney  gates  to  discharge  10.000  cuVnc  feet  per  second  ...  46,250 

Movable  dam,  5  feet  high,  300  feet  long,  at  $9.40  per  linear  foot.  2, 820 

Operating  machinery . . 1. 000 

Railroad  and  highway  changes 73, 400 

Steam  ferries,  4,  at$20,000... 80,000 

Locks — 

No,  5 1,076.693 

No.  6 1.072.443 

Lock-operating  machinery,  2  sets  single,  at  $100,000 200. 000 

Bridges ,   , 339,354 

Right  of  way — 

Village  property,  Fialton,  N.  Y.,  55  acres,  at  $2,600 143.000 

Farmland,  5,910  acres,  at  $100... 591.000 

Swamp  land.  2,446  acres,  at  $12,50 30,575 

Water  rights,  Fulton,  N.  Y.. 806,000 

Total-... 12,578,416 

Brewerton  to  lock  No.  7  section  (station  1410  -+-  00  to  2782  +  00) : 

Excavation — 

Earth,  15,736,440  cubic  j-ards.  at  8  cents.. 1,258,915 

Rock,  wet,  719,100  cubic  yards,  at  $2 1,438.200 

Fish  Creek  diversion,  earth.  308,000  cubic  yards,  at  8  cents 24.  640 

Slope  wall,  94,746  square  yards,  at  $1.10 104, 221 
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Brewerton  to  lock  No.  7  section,  etc. — Continued. 

Crib  work — 

Pine,  l,r)60,0()0feet  B.  M..  at$3()per  M.    ....    $46,800 

Hemlock,  5, 769, 100  feet  B.  M..  at  $23  per  M 132,689 

Oak,  43,560  feet  B.  M.,  at  SoO  per  M 2,178 

Iron,  616,342  pounds,  at  3  cents 18,490 

Stone  fill,  97,566  cubic  yards,  at  60  cents 58,540 

Railroad  and  highway  c'banges    :. 112,638 

Bridges 141,184 

Right  of  way — 

Farm  land,  10,541  acres,  at  $100 1.054. 100 

Swampland,  4,800  acres,  at  $13.50 60,000 

Village  property,  Sylvan  Beach 109, 000 

Total 4,561,595 

Lock  No.  7,  Fort  Bull  section  (station  2782+00  to  3164+00): 
Excavation — 

Earth,  15,702,581  cubic  yards,  at  20  cents 3,140,516 

Rock,  dry,  257.522  cubic  yards,  at  70  cents 180,265 

Retaining  wall,  47.330  cubic  yards,  at  $4  189,320 

Masonry  in  by-pass,  10,000  cubic  yards,  at  $4 40,000 

Slope  wall,  100,407  square  yards,  at  $1.10 110,514 

Back  fill,  425,084  cubic  yards,  at  25  cents 106,271 

Crib  work — 

Pine.  2,854.800  feet  B.  M.,  at  $30  per  M_ 85,644 

Hemlock.  10,897,220  feet  B.  M..  at  $23  per  M 250.636 

Oak,  78.840  feet  B.  M.,  at  $50  per  M... 3,942 

Iron.  1,160,606  pounds,  at  3  cents 34.818 

Stone  fill,  184,098  cubic  yards,  at  60  cents 110,459 

Highway  changes 680 

Steam  ferry,  1 -.- _ 20.000 

Locks — 

No.  7 .- -■ 1,031,659 

No.  8 -.  1,031.659 

Lock-operating  machinery.  2  sets  single,  at  $100,000 200, 000 

Right  of  way — 

Farm  land,  943  acres,  at  $100 94,300 

Total 6,630,683 

Fort  Bull— Herkimer  section  (station  3164  +  00  to  4789  +  91.5) : 
Excavation — 

Earth ,  6 1 ,434,573  cubic  yards,  at  18  cents 11 .  058, 233 

Rock,  dry,  494,380  cubic  yards,  at  70  cents 346.066 

Retaining  wall,  73,685  cubic  yards,  at  $4 294.740 

Masonry  in  by-passes,  receivers,  etc.,  27,400  cubic  yards,  at  $4 109. 600 

Slope  wall,  841,185  square  yards,  at  $1.10 925.303 

Back  fill.  378,858  cubic  yards,  at  25  cents    94,715 

Crib  work — 

Pine,  2.277.600  feet  B.  M..  at  $30  per  M 68.328 

Hemlock,  8,832.200  feet  B.  M..  at  $23  per  M 203,141 

Oak,  62,880  feet  B.M.,  at  $50  per  M 8,144 

Iron,  964,024  pounds,  at  3  cents 28,921 

Stone  fill,  143,297  cubic  yards,  at  60  cents 85,978 
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Fort  Bull— Herkimer  section,  etc. — Continued. 
Dams — 

Oriskany,  N.  Y.  (No.  3)— 

Excavation,  787,000  cubic  yards,  at  18  cents. S141, 660 

Masonry  in  dams  and  abutments,  31,835  cubic  yards,  at  $6.  131. 010 
Timber  in  grillage  foundation,  1,101,372  feet  B.  M.,at  $22 

perM - 24,230 

Piles  in  foundation,  155,100  linear  feet,  at  20  cents 31, 020 

Sheet  piling.  128,000  feet  B.  M.,  at  $33  per  M 4,224 

Iron.  80.000  pounds,  at  3  cents 2,400 

Stoney  gate  to  discharge  500  cubic  feet  per  second 2, 000 

Frankfort,  N.  Y.  (No.  4)  — 

Excavation,  639,000  cubic  yards,  at  18  cents 115, 020 

Masonry  in  dam  and  abutments,  21.835  cubic  yards,  at  $6.  131, 010 
Timber  in  grillage  foundation,  1,101,372  feet  B.  M.,  at  $22 

per  M 24.230 

Piles  in  foundation,  155,100  linear  feet,  at  20  cents 31,020 

Sheet  piling.  128.000  feet  B.  M. ,  at  $33  per  M 4, 224 

Iron,  80,000pounds,  at  3  cents 2,400 

Railroad  and  highway  changes 450,170 

Steam  ferry,  1 20,000 

Locks — 

No.9. 1.042.387 

No.  10 - •. 1,042,387 

Lock-operating  machinery,  2  sets  single,  at  $100,000 200, 000 

Bridges 1,124,660 

Right  of  way — 

Farm  land,  10,335  acres,  at  $100 1.033.500 

Total 18,775,711 

TOTAL.  COST. 

Lake  Ontario'section $2,184,861 

Oswego-Minetto  section 11,940.550 

Minetto-Fiilton  section  ..- 1,061.955 

Fulton-Brewerton  section _ 12. 578, 416 

Brewerton-Lock  No.  7  section.. 4,  561,595 

Lock  No.  7- Fort  Bull  section 6,630,683 

Fort  Bull-Herkimer  section 18,775,711 

Water  Supply,  Appendix  No.  16 18,080,7.52 

Total... 75,814,523 

Table  No.  6. — Estiviate — Oswego- Mohmvk  route,  western  division. 
HIGH  LEVEL  PLAN-21-FOOT  CHANNEL. 

Lake  Ontario  section  (station  —  20  +  00  to  —  9  +  20) : 

Excavation — 

Submerged  rock,  152,361  cubic  yards,  at  $2... $304,722 

Breakwater,  Appendix  No.  3 721,380 

Crib  work — 

Pine,  2.416,000  feet  B.M.,  at  $30  per  M... 72,480 

Hemlock,  3,096.800  feet  B.M.,  at  $23  per  M .  71,226 

Oak,  83.600  feet  B.M..  at  $50  per  M 4,180 

Iron,  490,585  pounds,  at  3  cents .14,718 

Stone  fill,  63,325  cubic  yards,  at  60  cents 37, 995 

Total. 1,226,701 
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Oswego-Minetto  section  (station  —  9  +  20  to  288  4-  00) : 

Excavation — 

Earth,  dry,  9,300,777  cubic  yards,  at  20  cents $l,860,15.'j 

Rock,  dry,  843,884  cubic  yards,  at  Oo  cents 548,  .125 

Retaining\vall,y7,{)06  cubic  yards,  at  $4... 391,624 

Masonry  in  by- passes,  4,300  cubic  yards,  at  $4. 17, 200 

Slope  wall,  88,288  square  yards,  at  §1.10 97,117 

Back  fill,  348,900  cubic  yards,  at  25  cents. 87, 225 

Crib  work — 

Pine,  2,374,400  feet  B.M.,  at  $30  per  M. 71,232 

Hemlock,  4,893,400  feet  B.M..  at  §23  per  M 112,571 

Oak.  53,760  feet  B.M.,  at  $50  per  M 2.688 

Iron,  593.600  pounds,  at  3  cents  .-- 17,808 

Stone  fill,  94.576  cubic  yards,  at  60  cents 56,  746 

Railroad  and  highway  changes 29,660 

Locks — 

No.  1 641,108 

Nos.  2  and  3 2,179.291 

No.  4 681,426 

Lock- operating  machinery — 

2  sets  single,  at  §100,000 200,000 

1  set  double,  at  §175.000 175,000 

Bridges 377,745 

Right  of  way- 
City  property,  277  acres,  at  §2,080 576,160 

Farmland,  729  acres,  at  §200 145,800 

Total 8,269,081 

Minetto-Fulton  section  (station  288-00  to  550-00): 

Excavation — 

Earth,  914,740  cubic  yards,  at  18  cents 164,653 

Slope  wall,  13,414  square  yards,  at  §1.10 14,755 

Minetto  Dam  (No.  1)  — 

Excavation.  25,567  cubic  yards,  at  20  cents 5, 113 

Masonry  in  dam  and  abutments,  44,913  cubic  yards,  at  $6 269, 478 

Cofferdams. 55,000 

Railroad  and  highway  changes 25,670 

Right  of  way — 

Water  rights,  Battle  Island  Dam 150,000 

Farmland,  1,154  acres,  at  §100 115,400 

Swamp  land,  408  acres,  at  §12.50 5,100 

Total 605,169 

Fulton-Brewerton  section  (station  550—00  to  1410—00): 
Excavation — 

Earth,  21,192,092  cubic  yards,  at  18  cents 3,814,576 

Rock,  dry,  941,910  cubic  yards,  at  65  cents 612,241 

Peter  Scott's  Swamp  Dike- 
Excavation,  383,000  cubic  yards,  at  18  cents    68,940 

Embankment,  588,000  cubic  yards,  at  25  cents 147,000 

Riprap,  71,000  cubic  yards,  at  90  cents 63,900 

Retaining  wall,  71,7.56  cubic  yards,  at.§4 287.024 

Slope  wall,  196,551  square  yards,  at  §1.10 216.206 

Back  fill,  356,371  cubic  yards,  at  25  cents 89, 0r3 
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Fulton- Brewerton  section,  etc. — Continued. 

Crib  work — 

Pine,  2,449,200  feet  B.  M.,  at  $30  per  M $73,476 

Hemlock.  6,836,300  feet  B.  M. ,  at  §23  per  M 157, 235 

Oak,  70,200  feet  B.  M. ,  at  $.")0  per  M 3,510 

Iron,  776,277  pounds,  at  3  cents _ 23, 288 

Stone  fill,  120.978  cubic  yards,  at  60  cents 72.587 

Oneida  River  Dam  (No.  2)  — 

Excavation,  14,000  cubic  yards,  at  18  cents  .   2,  520 

Embankment,  43,700  cubic  yards,  at  15  cents 6, 555 

Masonry  in  dam  and  abutments,  6,018  cubic  yards,  at  §6 36, 108 

Two  gates  (Stoney  to  discharge  10,000  cubic  feet  per  second) . .  46, 250 

Movable  dam  5  feet  high,  300  feet  long,  at  §9.40  per  linear  foot.  2, 820 

Operating  machinery i ,  000 

Railroad  and  highway  changes 73.400 

Steam  ferries,  4, at  $20,000 80,000 

Locks — 

No.  5 662,834 

No.  6 662,808 

Lock-operating  machinery — 

Two  sets  single 200,  000 

Bridges 308.030 

Right  of  way — 

Village  property,  Fulton,  N.  Y. ,  55  acres,  at  §2,600 143, 000 

Farmland,  5,910  acres,  at  §100... 591,000 

Swamp  land,  2,446  acres,  at  §12,50 30,575 

Water  rights,  Fulton,  N.  Y  806,000 

Total 9,282,006 

Brewerton— Lock  No.  7  section  (station  1410+00  to  2782+00) : 

Excavation — 

Earth,  8,089,246  cubic  yards,  at  8  cents 647, 140 

Rock,  wet,  171,046  cubic  yards,  at  §2. 342.092 

Fish  Creek  diversion — 

Excavation,  earth,  308,000  cubic  yards,  at  8  cents 24. 640 

Slope  wall,  108,540  square  yards,  at  §1.10 119,394 

Crib  work — 

Pine,  1,210,000  feet  B.  M.,  at  §30  per  M 36,300 

Hemlock,  3,483,760  feet  B.  M.,  at  §23  per  M. 80,126 

Oak,  31,680  feet  B.  M. ,  at  §50  per  M... 1,584 

Iron,  366,080  pounds,  at  3  cents 10,982 

^Stonefill,  56,760  cubic  yards,^at  60  cents .-.  ..  34,056 

Railroad  and  highway  changes , 112,638 

Bridges 125,796 

Right  of  way — 

Farmland,  10,541  acres,  at  §100 1,054,100 

Village  property,  Sylvan  Beach 109.000 

Swampland,  4,800  acres,  at  §12.50 60.000 

Total 2,757,848 

Lock  No.  7,  Fort  Bull  section  (station  2782+00  to  3164+00): 
Excavation — 

Earth,  12,145,959  cubic  yards,  at  20  cents  .  _  _ 2, 429, 192 

Rock,  dry,  33,420  cubic  yards,  at  70  cents 23,394 
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Lock  No.  T,  Fort  Bull  section,  etc. — Continued. 

Masonry  in  by-pass.  l(l.(»(»(l  cubic  yards,  at  $4 $40,000 

Slope  wall.  101.784  sciuare  yards,  at  $1.10 177,963 

Back  fill.  281,840  cubic  yards,  at  3r,  cents 70,400 

Crib  work — 

Pine,  3,806,400  feet  B.  M.,  at  $30  per  M .  114,193 

Hemlock,  10,191,600  feet  B.  M.,  at  §'2;3  pef  M 234,407 

Oak,  105,130  feet  B.  M.,  at  $.")0  per  M - 5.256 

Iron,  1,165,448  pounds,  at  3  cents - 34,963 

Stone  f  11,  181,536  cubic  yards,  at  60  cents. 108,932 

Highway  c  janges 680 

Steam  ferry,  1 20,000 

Locks — 

No.  7 ...: 634.733 

No.  8 626.933 

Lock-operating  machinery — 

Two  sets  single,  at  $100,000 200.000 

Eight  of  way — 

Farmland,  943  acres,  at  $100 94,300 

Total 4,815,394 

Fort  Bull-Herkimer  section  (station  3164  h-  00  to  4789  +  91.5): 
Excavation — 

Earth,  45,963,879  cubic  yards,  at  18  cents 8,273,498 

Rock,  dry.  85.838  cubic  yards,  at  70  cents 60.080 

Masonry  in  receivers  and  by-pass,  27,400  cubic  yards,  at  $4 109. 600 

Slope  wall,  790,867  square  yards,  at  $1.10 869, 954 

Back  fill,  347,120  cubic  yards,  at  35  cents 61,780 

Crib  work— 

Pine.  3.806,400  feet  B.  M.,  at  $30  per  M. 114,192 

Hemlock,  10,677,600  feet  B.  M.,  at  $33  per  M 245.585 

Oak,  105,130  feet  B.  M.,  at  $50  per  M. 5.356 

Iron.  1,344,488  pounds,  at  3  cents.  ._ 37,335 

Stone,  180,016  cubic  yards,  at  60  cents. 108,010 

Dams— 

Oriskany,  N.  Y.  (No.  3) : 

Excavation,  787,000  cubic  yards,  at  18  cents 141,660 

Masonry  in  dam  and  abutments,  31,835  cubic  yards,  at  $6.  131. 010 
Timber  in  grillage  foundation,  1,101,373  feet  B.  M.,  at  $32 

per  M 24,230 

Piles  in  foundation,  155,100  linear  feet,  at  20  cents 31,020 

Sheet  piling,  138,000  feet  B.M..  at  $33  per  M 4,324 

Iron,  80,000  pounds,  at  3  cents.-- 2,400 

Stoney  gate  to  discharge  500  cubic  feet  per  second 2, 000 

Frankfort,  N,  Y.  (No.  4): 

Excavation.  639,000  cubic  yards,  at  18  cents 115, 020 

Ma.sonry  in  dam  and  abutments,  31,835  cubic  yards,  at  $6.  131,010 
Timber  in  grillage  foundation;  1,101,372  feet  B.  M.,  at  $22 

perM- - - 24.230 

Piles  in  foundation,  155,100  linear  feet,  at  20  cents 31 .  030 

Sheet  piling,  128.000  feet  B.  M. ,  at  $33  per  M 4, 334 

Iron.  80,000  pounds,  at  3  cents 2,400 

Railroad  and  highway  changes - 450, 170 

Steam  ferry.  1 20.0<10 
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Fort  Bull-Herkimer  section,  etc. —Continued. 
Locks — 

No.  9 - $634,481 

No.  10 -.- - --         634,481 

Lock-operating  machinery — 

3  sets  single,,  at  $100,000.. 200,000 

Bridges 966,724 

Right  of  way — 

Farmland,  10,335  acres  at  $100 1.033,500 

Total 14,469,094 

TOTAL  COST. 

Lake  Ontario  section $1,226,701 

Oswego-Minetto  section 8,269,081 

Minetto-Fulton  section 805, 169 

Fulton-Brewerton  section 9,282,006 

Brewerton-Lock  No.  7  section 2,757,848 

Lock  No.  7-Fort  Bull  section 4,815,394 

Fort  Bull-Herkimer  section 14,469.094 

Water  supply.  Appendix  No.  16 18.080.752 

Total 59,706,045 

ALTERNATIVE  ROUTES  AND  PLANS. 

Minnettx)  to  Oswego. — It  was  at  first  proposed  to  enter  the  river 
directly  from  the  lake  at  Oswego,  to  excavate  a  channel  as  far  as  the 
present  Oswego  dam,  and  build  there  a  dam  and  lock  which  would 
raise  the  water  surface  30.0  feet  above  low  water  in  the  lake;  to  build 
another  dam  and  lock  having  a  lift  of  30  feet  about  three-fourths  of 
a  mile  farther  up  the  river,  and  a  third  lock  near  Minetto,  having  a 
lift  of  25  feet,  which  would  raise  the  water  surface  to  331,  the  eleva- 
tion of  the  crest  of  the  proposed  Minetto  dam,  which  has  already  been 
described.  The  last  lock  was  located  at  the  north  end  of  a  small  val- 
ley lying  on  the  east  side  of  the  ridge  against  which  the  east  end  of 
the  proposed  Minetto  dam  abuts,  and  which  is  known  as  Seneca  Hill. 
Above  the  lock  the  canal  was  to  pass  through  the  valley  in  a  southerly 
direction  and  enter  the  river  again  1^  miles  beyond  the  lock.  The 
use  of  this  valley  would  avoid  a  rather  sharp  bend  in  the  river  and 
permit  the  location  of  the  lock  considerably  farther  downstream  than 
would  otherwise  be  practicable,  thus  escaping  a  large  amount  of  rock 
excavation  in  the  river  bed. 

The  locks  and  dams  were  all  so  located  as  to  be  constructed  readily 
and  have  good  rock  foundations.  The  river  banks  at  the  dam  sites 
are  composed  of  rock,  which  would  afford  secure  abutments  for  the 
dams. 

The  comparative  estimate  given  below  shows  that  the  cost  for 
excavation  alone  on  the  line  adopted  is,  for  a  30-foot  channel,  $865,097 
less  than  on  the  river  line: 
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Table  No.  7. — Comparatwe  estimate  for  excavation  for  30-foot  channels  between 
Minetto  and  Lake  Ontario. 

ADOPTED   LINE.' 

Earth  excavation,  12,080,380  cubic  yards,  at  20  cents $2, 416, 076 

Submerged  rock  excavation  in  Lake  Ontario,  349,670  cubic  yards,  at  $2.        699, 340 
All  other  rock  excavation,  1 ,969,596  cubic  yards,  at  65  cents 1, 280,  237 

Total 4,395,653 

RIVER   LINE. 

Gravel  dredging  in  Lake  Ontario,  491 ,000  cubic  yards,  at  20  cents §98, 200 

Earth  excavation  along  Oswego  River,  3,709,000  cubic  yards,  at  20  cents.  741, 800 

Submerged  rock  excavation  in  Oswego  River,  929.000  cubic  yards,  at  $2.  1, 858, 000 

Rock  excavation  along  Oswego  River,  1,991,000  cubic  yards,  at  $1.25...  2,488,750 

Removal  of  old  cribs,  36,000  cubic  yards,  at  $1 . 36,000 

Removal  of  old  masonry,  38,000  cubic  yards,  at  $1 38, 000 

TotaL 5,260,750 

Cost  of  excavation  on  adopted  line  "^ 4, 395, 653 

Difference  of  cost  in  favor  of  adopted  line  '^ 865, 097 

This  difference  in  cost  may  be  partly  explained  by  saying  that  where 
the  proposed  channel  follows  the  river  its  estimated  bottom  width  is 
400  feet  instead  of  203  feet  or  250  feet,  the  width  of  base  used  for 
earth  and  rock  respectiveh^  in  the  regular  canal  prism,  and  also  that 
because  of  the  valuable  property  along  the  river  banks  it  is  imprac- 
ticable to  build  a  dam  and  raise  the  water  surface  within  1^  miles  of 
the  lake,  and  it  therefore  would  be  necessary  to  excavate  a  very  large 
volume  of  rock  under  water,  an  expensive  class  of  work,  which  is 
largely  avoided  on  the  other  line.^ 

There  are,  however,  other  and  more  important  advantages  in  favor 
of  the  adopted  line,  which  will  be  briefly  mentioned. 

On  the  river  line  two  masonry  dams  would  be  needed  between  Minetto 
and  Oswego.  In  addition  to  the  expense  of  these  structures  the 
present  Minetto  dam  and  the  dam  mid waj' between  Oswego  and  Minetto 
would  be  submerged  and  their  water  powers  destroyed.  The  hydraulic 
canal  on  the  east  side  of  the  river  in  Oswego  would  be  intersected  by 
the  canal  and  its  water  sui)ply  cut  off.     The  line  would  cross  two  high- 

'  The  figures  and  quantities  here  given  are  for  the  final  adopted  line  with  lock 
No.  4  at  Minetto. 

-  Lock  No.  4  at  Minetto. 

'The  discussion  of  the  comparative  cost  of  the  two  lines  was  written  by  Mr. 
Himes  before  the  location  of  lock  No.  4  was  changed  to  Minetto  and  before  the 
lock  estimates  were  completed.  The  cost  of  the  locks  and  dams  on  the  river  line 
is  estimated  at  .$4,500,000.  The  cost  of  the  locks  on  the  adopted  line  is  $5,660,913, 
leaving  a  difference  of  $1,160,913  in  favor  of  the  river  line  in  the  cost  of  structures. 
This  will  offset  the  above  difference  in  cost  of  excavation  in  favor  of  the  adopted 
line,  so  that  the  costs  of  the  construction  of  the  channels  themselves  will  be  about 
the  same  on  both  lines.  The  river  line,  however,  destroys  many  very  valuable 
water  rights,  and  the  right  of  way  would  be  much  more  expensive  than  for  the 
adopted  line. 
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waj'  hi'idges  and  one  railway  bridge  in  the  city,  and  the  necessary 
draws  would  be  a  source  of  danger  and  dela^'  to  the  shipping,  as  Avell 
as  to  the  street  and  railroad  traffic.  The  same  number  of  bridges 
would  be  needed  on  the  other  line,  but  the  traffic  upon  them  would  be 
much  lighter,  and  they  would  be  less  troublesome. 

But  most  important  of  all  is  the  reduction  in  lift  on  the  locks.  The 
maximum  lift  on  the  adopted  line  is  21.4  feet,  while  on  the  river  line 
it  is  30.6  feet.  The  locks  at  Fulton  would  have  lifts  of  22.5  feet,  and 
since  the  water  used  for  lockage  is  regulated  by  that  lock  below  the 
source  of  supply  which  consumes  the  most  water,  the  saving  of  water 
on  the  adopted  line  would  be  equal  to  the  difference  between  the  vol- 
umes required  by  22.5-foot  and  30.6-foot  locks,  respectively.  This 
saving  would  be  considerable,  and  would  materially  lessen  any  possi- 
ble chance  of  a  shortage  in  the  supply. 

With  the  above  advantages  offered  by  the  line  west  of  the  city,  it 
was  considered  unnecessary  to  go  any  further  with  the  estimates  on 
the  river  line. 

Fulton  to  Peter  Scotfs  swamp. — It  was  supposed  at  first  that  the 
line  beyond  Fulton  would  follow  the  river  to  Phoenix,  and  then  strike 
eastward  into  Peter  Scott's  swamp  instead  of  leaving  the  liver  at 
Fulton  and  running  across  country  to  the  swamp,  as  previously 
described.  The  survej'  showed  tlie  adopted  line  to  be  1.8  miles  shorter 
than  the  line  through  Phoenix  and  it  is  estimated  to  require  about 
2,700,000  cubic  yards  less  excavation. 

The  estimate  of  the  Phoenix  line  was  made  with  less  detail  than  the 
other,  it  being  considered  unnecessary  to  make  a  verj'  close  compari- 
son of  the  two  lines.  For  that  reason,  the  rock  excavation  on  the 
Phoenix  line  was  not  separated  from  the  earth.  The  rock  excavation 
in  the  river  at  Fulton  alone,  however,  is  greater  than  all  the  rock 
excavation  on  the  adopted  line,  and  there  is  much  more  rock  between 
Fulton  and  Phoenix. 

Such  portions  of  the  Phoenix  line  as  lie  in  the  river  were  estimated 
for  a  prism  base  of  400  feet  as  already  described  for  the  alternative 
line  at  Oswego. 

In  addition  to  the  above  differences  in  distance  and  excavation,  the 
line  through  Phoenix  would  submerge  the  upper  Fulton  dam  and  the 
Phoenix  dam,  and  the  injury  to  the  manufacturing  plants  which  use 
their  powers  would  add  a  large  item  to  the  cost.  A  new  dam  would 
be  needed  at  Fulton,  and  the  lock  at  that  place  would  require  a  lift  of 
about  30  feet.  The  disadvantage  of  such  a  high  lift  has  already  been 
stated  and  it  is  sufficient  here  to  explain  the  necessity  of  such  a  lift. 

The  crest  of  the  Phoenix  dam  has  an  elevation  of  about  361.  The 
country  above  the  dam  is  very  low  and  flat,  there  being  very  little  fall 
from  Syracuse  or  Baldwinsville  down  to  Phoenix.  The  area  of  land 
that  would  be  affected  hy  raising  the  canal  water  surface  higher  than 
the  dam  is  so  great,  and  about  Syracuse  the  property  bordering  Onou- 
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da^a  Lake  is  so  valual>le,  that  the  ci-est  of  the  dam  was  takeii  as  a 
limit  above  which  the  water  must  not  be  raised.  It  was  necessary, 
therefore,  to  raise  the  water  surfAce  below  Fulton  from  3.31  to  301,  the 
crest  of  the  Phoenix  dam.  The  cheapest  way  to  do  it  is  by  a  sinj^le 
lock;  the  way  which  would  best  economize  the  water  is  by  two  locks. 
In  either  case,  by  the  high-level  plan,  a  lock  would  be  needed  at 
Phoenix  to  rise  from  3(>1  to  370,  so  that  if  the  two  locks  were  used  at 
Fulton  there  would  be  needed  on  the  Phoenix  line  three  locks  to  rise 
45  feet,  while  on  the  adopted  line  the  elevation  is  overcome  by  two 
locks. 

These  differences  between  tiie  lines  were  deemed  sufficient  ground 
for  discarding  further  estimates  on  the  Phoenix  line.  It  should  be 
stated,  however,  that  the  river  from  Phoenix  to  Oswego  was  fully 
developed  by  the  survey,  and  the  maps  will  permit  as  complete  a 
study  of  these  alternative  lines  as  of  the  line  selected. 

Peter  ScoWs  Swamp. — In  locating  a  line  through  Peter  Scott's 
Swamp  it  was  considered  that,  should  a  more  thorough  examination 
of  it  be  made  with  a  view  to  construction,  and  any  reason  be  found 
why  it  would  be  inadvisable  to  build  a  dike  and  Hood  the  swamp  as 
already  described,  it  would  be  well  to  know  that  the  general  plan  for 
a  canal  would  not  be  impaired.  For  that  reason  an  alternative  line 
has  been  located  around  the  north  side  of  the  swamp  on  higher  and 
firmer  ground.  No  borings  were  made  on  this  line,  but  it  is  so  close 
to  the  adopted  line  that  the  information  obtained  is  sufficient  to  make 
it  very  probable  that  no  rock  excavation  would  be  necessary. 

The  following  estimate  shows  the  comijarative  cost  of  the  two  lines: 

Table  No.  8. — Comparative  cost  of  lines  passing  Peter  Scott's  Swamp  iio-foot 

channel. 

LINE   THROUGH   SWAMP. 

Earth  excavation: 

Prism,  8,0'i0,000  cubic  yards,  at  18  cents $l,44;J,C00 

Dike,  ^'-S.OOO  cubic  yards,  at  18  cents 68,940 

Embankment,  dike,  588,000  cubic  yards,  at  25  cents 147,000 

Riprap.  71 .000  cubic  yards,  at  DO  cents 63, 900 

Total  _ 1,723,440 

LINE   NORTH   OK  SWAMP. 

Earth  excavation.  10.440.000  cubic  yards,  at  18  cents $l,87y.C00 

Cost  of  line  through  .swamp 1,  723. 440 

Difference  of  cost  in  favor  of  line  through  swamp 1.55. 760 

Sand  Ridge  Crossituj. — The  line  through  Sand  Ridge  is  believed  to 
be  as  cheap  as  any  that  can  be  found.  It  was  located  in  the  field  for 
the  purpose  of  nmking  borings,  and  having  been  thoroughly  devel- 
oped, all  estimates  have  been  based  upon  it. 

If  the  canal  .should  be  built  north  of  Peter  Scott's  Swamp,  on  the 
alternative  line  just  described,  the  alignment  could  be  improved  by 
H.  Doc.  149 30 


466  DEEP    WATERWAYS. 

crossing  the  ridge  a  little  fartlier  north.  A  jjrofile  of  the  northern 
crossing  indicates  a  slightly  greater  amount  of  excavation,  but  no 
borings  were  made  upon  it  and  so  the  amount  of  rock  which  might  be 
encountered  can  not  be  estimated. 

Sodus  route. — There  is  said  to  be  an  excellent  natural  harbor  at  Lit- 
tle Sodus,  25  miles  west  of  Oswego,  and  an  attempt  was  made  to  find 
a  route  for  the  canal  which  would  make  tliat  i^ort  the  northern  ter- 
minus. The  country  on  the  west  side  of  the  Oswego  River,  between 
Phoenix  and  Fulton,  is  quite  high,  and  the  only  possible  opening  is 
through  Lake  Neatahwanta,  near  Fulton.  But  the  reconnoissance 
mentioned  elsewhere  showed  the  route  to  be  so  long  and  toi-tuous  as  to 
be  wholly  impracticable,  and  no  survey  was  made  of  it. 

Change  in  locks. — A  rearrangement  of  locks  on  the  proposed  line 
north  of  Minetto  is  possible,  by  which  the  total  lift  from  l^ake  Ontario 
to  the  river  level,  of  85.6  feet,  could  be  made  in  three  equal  lifts,  instead 
of  four  as  proposed.  The  lift  of  each  lock  would  then  be  28.5  feet, 
instead  of  21.4  feet,  as  before,  and  the  principal  results  of  the  change 
would  be  an  increased  consumption  of  water  and  a  saving  of  time  in 
navigation  equal,  approximately,  to  tlmt  required  to  i)ass  thi-ough  one 
lock.  The  difference  in  cost  would  probably  not  be  great,  tliough  no 
comparative  estimate  has  been  made,  because  it  lias  been  cousidei'ed 
throughout  that  tlie  plan  which  would  require  the  least  water  to  operate 
the  canal  would  be  preferable,  at  least  until  the  adequacy  of  the  water 
supply  shall  be  finally  demonstrated. 

A  similar  change  can  be  made  near  Fulton,  in  the  low-level  j)lan, 
to  be  described  later.  In  this  case  three  locks,  two  of  them  having 
equal  lifts  of  18  feet,  and  the  third  a  lift  varying  between  12  feet  and 
19  feet,  according  to  the  stage  of  the  Oneida  reservoir,  can  be  replaced 
by  two  locks,  the  lower  one  to  have  a  lift  of,  say,  26  feet  and  the  upper 
one  a  lift  to  varj-  between  22  feet  and  2U  feet.  The  effect  of  this  change 
would  be  precisely  similar  to  the  first,  and  its  feasibility  depends 
almost  wholly  upon  the  water  supply. 

CHANGES  IN  RAILROADS  AND   HIGHWAYS. 

At  Oswego,  where  the  canal  crosses  the  Delaware,  Lackawanna  and 
Western  Railroad  and  the  Rome,  Watertown  and  Ogdensburg  Rail- 
road, a  slight  change  of  alignment  would  permit  both  roads  to  use  one 
double-track  drawbridge.  The  Rome,  Watertown  and  Ogdensburg 
freight  yard  would  require  some  alteration  and  the  side  track  running 
down  to  tlie  lake  front  should  be  moved  to  the  east  side  of  the  canal. 

The  track  of  the  Delaware,  Lackawanna  and  Western  Railroad 
would  need  to  be  raised  a  few  feet  for  a  short  distance  at  Minetto.^ 

The  New  York,  Ontario  and  Western  Railway  would  require  a 
single-track  drawbridge  at  the  canal  crossing  in  the  northern  part  of 

'  This  will  not  be  necessary  with  the  change  of  location  of  lock  No.  4. 
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Fulton  and  a  chani^jo  of  alijirnniont  hetwcen  the  hri(lf;e  and  the  station. 
Instea<l  of  providing  anotlier  drawhridj^e  for  the  same  load  near 
Ingalls,  the  estimate  covers  the  reU)cation  and  eonstruetion  of  the 
road  fi'om  Ingalls  to  the  ()swe<;o  River,  on  the  east  side  of  the  canal. 
The  Fulton  travel  u'ouhl  be  ol)li<j:ed  to  cross  the  hijjhway  bridge  in  the 
eastern  part  of  tlu'  village  and  the  freifjht  traffic  could  enter  the  vil- 
lage over  the  bj'idge  in  the  noi-thern  part  Of  the  village. 

The  Rome,  Watertown  and  Ogdensburg  Railroad  would  reiiuirc  a 
single-track  drawbridge  where  it  crt)sses  the  canal  at  JJrewerton. 

At  Sylvan  Beach  the  New  York,  Ontario  and  Western  and  I.eliigh 
Valley  railroads  now  use  in  common  a  single-track  bridge  over  Wood 
Creek,  and  one  single-track  drawspan  over  the  canal  is  all  that  would 
be  needed  at  that  i)lace  for  both  roads. 

Each  road  has  several  miles  of  track  that  would  need  to  be  either 
raised  and  the  embankments  protected  with  riprap  or  else  rebuilt  on 
higher  ground.  The  estimate  for  the  high-level  plan  provides  for 
raising  the  track;  for  the  low-level  plan  the  water  surface  in  the 
Oneida  re.servt)ir  Avould  be  so  nuich  higher  that  it  is  cheaper  to  change 
the  location  and  rebuild  the  I'oads,  so  the  estimate  is  based  on  such  a 
change.  According  to  the  latter  iilan,  an  additional  4  miles  of  New 
York,  Ontario  and  Western  Railway  track,  on  the  noi'th  side  of 
Oneida  Lake,  would  need  to  be  raise<l. 

At  Rome  the  estimate  provides  for  a  single-track  drawbridge,  to 
be  used  bj'  the  New  York,  Ontario  and  Western  and  Rome,  Water- 
town  and  Ogdensburg  railroads,  and  for  building  a  four-track  road 
entirely  south  of  the  canal,  to  be  u.sed  by  the  New  York  Central  and 
Hudson  River  Railroad.  At  present  the  immense  j^assenger  and 
freight  traffic  of  that  railroad  j)asses  through  Rome  and  crosses  the 
streets  at  grade.  Many  trains  nuike  no  stop  there,  but  go  through 
the  city  at  a  high  rate  of  speed,  which  is  a  constant  menace  to  the 
public  safety  and  a  great  expense  to  the  comi)any.  If  all  trains  were 
run  over  the  line  j)ropose<l  the  dangerous  grade  crossings  would  be 
abolished,  a  very  sharj)  curve  near  the  station  would  be  eliminated, 
and  through  trains  would  not  be  obliged  to  sh)w  up  in  passing  the 
city.  Rome  passengers  could  cross  the  canal  on  the  Rome,  Water- 
town  and  Ogdensburg  and  New  York,  Ontario  and  Western  tiains, 
and  the  arrangement  would  be  a  great  improvement  for  both  the  pub- 
lic and  the  railroads.  Tlie  plan  would,  of  couree,  meet  with  opposi- 
tion, but  it  is  pj-obably  the  most  expensive  one  that  would  be  proposed; 
so  whether  it  should  ever  be  constructed  or  not,  it  will  .serve  the  pur- 
pose of  making  the  present  estimate  large  enough  to  coyer  any  other 
plans  that  nuiy  be  devised. 

The  advantage  to  the  canal  which  justifies  the  plan  reciuiring  the 
laigest  tirst  cost  is  the  avoidance  of  two  four-track  drawbridges 
which  would  otherwise  be  neces.sary,  and  the  operation  of  which  would 
be  no  less  vexatious  and  expensive  to  the  railroad  than  to  the  canal. 
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The  next  railroad  crossing  is  that  of  the  Black  River  brancli  of  the 
New  York  Central  and  Hudson  River  Railroad,  near  Utica.  It  would 
require  a  single-track  drawbridge.  The  next  and  last  crossing  is  that 
of  the  New  York  Central  and  Hudson  River  main  line,  4.7  miles  east 
of  Utica.  This  crossing  is  unavoidable  and  requires  a  four-track 
drawspan.'  The  angle  between  the  canal  line  and  the  railroad  is 
very  acute,  and  it  will  be  necessary  to  rebuild  the  line  far  enougli  on 
each  side  of  the  canal  to  permit  the  angle  of  ci'ossing  to  approximate 
90  degrees. 

The  above  crossings  would  be  appi'oximately  tlie  same  for  21-foot 
or  30-foot  channels  on  either  the  high-level  or  low-level  plan. 

Between  Utica  and  Frankfort,  according  to  the  high-level  plan,  the 
water  surface  would  have  an  elevation  of  30G,  and  several  miles  of  the 
West  Shore  Railroad  would  need  to  be  raised  a  few  feet.  With  the 
low-level  plan  the  high-water  surface  would  be  a1)out  10  feet  lower 
and  no  change  would  be  needed. 

Of  the  liighways  affected  by  the  canal,  drawbi-idges  have  been  esti- 
mated for  those  near  cities  and  villages  which  have  considerable  travel. 
There  are  two  in  Oswego  and  one  each  at  Minetto,  Fulton,  Rome, 
Utica,  Frankfort,  Dion,  and  Herkimer.  The  single-track  railroad 
bridges  at  Fulton,  Brewerton,  and  Sylvan  Beach  may  also  be  used  for 
highway'  purposes,  since  the  railroad  traffic  upon  them  is  not  heavy. 
Table  No.  2  gives  the  location,  kind,  and  cost  of  all  bridges  on  the 
high-level  plan  for  both  the  30  and  21  foot  channels. 

In  all  other  cases  where  crossings  are  necessai-y  steam  ferries  have 
been  estimated  for. 

In  cases  where  two  or  more  highways  intersect  the  canal  within  a 
comparatively  short  distance  the  estimates  provide  for  the  construc- 
tion of  new  roads  sufficient  to  bring  them  together  at  a  single  bridge 
or  ferry. 

RIGHT   OF    WAY. 

Besides  the  ground  required  by  the  canal  itself  a  considerable  area 
must  be  provided  for  spoil  banks,  and  in  the  Mohawk  Valley  those 
banks  should  be  as  far  as  practicable  from  the  canal,  so  as  not  to  cause 
its  slopes  to  cave  into  the  water.  About  Oneida  Lake  a  large  area  of 
land  would  be  submerged,  and  it  also  is  included  in  the  estimate. 
The  submerged  area  is  much  greater  for  the  low-level  plan  than  it  is 
for  the  high-level  plan. 

The  only  water  powers  affected  by  either  plan  are  those  at  the  lower 
Fulton  dam  and  at  the  Battle  Island  dam  on  the  Oswego  River.  These 
two  dams  would  be  completely  submerged,  and  their  values  for  power 
purposes  have  been  included  in  the  estimate. 

LOW-LEVEL   PLAN. 

The  conversion  of  Oneida  Lake  into  a  storage  reservoir  and  the 
excavation  of  a  channel  through  the  Rome  divide,  deep  enough  to 
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extend  tlie  canal  from  tlie  lake  into  the  Mohawk  Valley  without  locks 
would  create  a  summit  level  72.084  miles  in  lenjjth. 

The  level  would  begin  a  short  distance  east  of  Fulton,  and  its  eastern 
terminus  would  l>e  at  Frankfort.  The  surface  elevation  of  the  reser- 
voir when  full  would  be  ;38();  when  empty  it  would  be  370,  thus 
making  a  storage  depth  of  7  feet . 

The  summit  level  at  Rome  under  the  former  plan  has  a  surface 
elevation  of  410,  whicii  is  30  feet  higher  than  the  reservoir  surface 
when  full,  and  this  plan  will  therefore  effect  a  saving  in  lockage  of  <;0 
feet  or  more,  according  to  the  stage  of  the  reservoir. 

It  will  l)e  observed  that,  according  to  the  low-level  plan,  the  surface 
of  Oneida  Lake  is  higher  than  under  the  high-level  plan.  No  confu- 
sion will  result  from  this  fact  if  it  is  remembered  that  the  terms  are 
used  only  with  reference  to  the  summit  levels. 

The  raising  of  Oneida  Lake  will  increase  the  area  of  its  water  surface 
from  77.3  square  miles  at  its  present  normal  stage  of  371  to  148.7 
square  miles  when  the  reservoir  is  full.  The  area  to  be  flooded  includes 
the  whole  of  Sylvan  JJeach,  small  portions  of  Cleveland,  Constantia, 
and  Brewerton,  about  12  squai-e  miles  of  swamp,  and  a  considerable 
area  of  farming  land.  Several  miles  of  railroad  about  the  eastern  end 
of  the  lake  would  also  be  submerged  and  would  need  to  be  relocated 
on  higher  ground. 

The  survey  about  the  lake  extended  generally  only  as  high  as  the 
380  contour,  and  beyond  that  the  estimates  are  based  upon  the  maps 
of  the  United  States  Geological  Survey. 

The  weir  at  the  crossing  of  the  Oneida  River  west  of  Brewerton 
would  be  located  as  before,  but  its  crest  would  be  10  feet  higher,  and 
a  bulkhead  with  sluice  gates  would  be  needed  to  permit  the  discharge 
of  water  when  needed  for  power  purposes  in  the  Oswego  River.' 

The  embankment  at  the  east  end  of  the  weir  would  l)e  required  to 
retain  water  about  16  feet  in  depth. 

In  passing  Peter  Scott's  swamp  the  line  selected  runs  around  the 
swamp  on  the  north  instead  of  through  it  as  before,  becau.se  the  water 
being  10  feet  higher  the  increased  cost  of  the  embankment  necessary 
to  raise  the  level  of  the  swamp  and  the  difl&culty  of  maintaining  so 
high  an  embankment  would  remove  whatever  advantage  the  line 
through  the  swamp  maj'  possess  for  the  other  plan. 

There  is  also  a  slight  change  of  alignment  in  Wood  Creek  Valley. 
It  is  neces.sarj%  as  has  been  explained  before,  that  the  high-level  line 
should  leave  the  creek  and  rise  on  higher  and  firmer  ground  so  as  to 
go  over  the  divide.  For  the  low-level  line  it  is  better  to  remain  in  the 
bottom  of  the  valley,  both  because  the  volume  of  excavation  would  be 
less  and  liecause  the  material  to  be  handled  is  not  so  hard  and  could 
be  excavated  at  a  snuiller  cost  per  cul)ic  yard.  This  change  is,  how- 
ever, so  slight  that  the  curvature  and  distance  are  nearly  the  .stime. 

'This  weir  wna  estimated  according  to  the  plan  adopted  by  the  Board  and 
explained  in  a  lootnote  describing  the  same  for  the  high-level  plan. 
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Tlie  two  locks  at  Fulton  Avill  have  lifts  of  18  feet  instead  of  22.5 
feet  as  before,  and  a  third  lock,  with  a  lift  ranging  from  12  feet  to 
19  feet,  according  to  the  stage  of  the  reservoir,  is  located  near  the 
crossing  of  the  New  York,  Ontario  and  Western  Railwa}',  2.5  miles 
southeast  from  Fulton.  Since  the  lift  of  this  lock  will  generally  be 
less  than  tl^it  of  the  locks  below,  and,  therefoi-e,  reciuire  less  water 
for  lockage,  provision  is  made  to  pass  water  around  it  to  the  lower 
locks  by  means  of  a  bulkhead  with  sluice  gates  and  a  by-pass. 

The  two  locks  between  Oneida  Lake  and  Kome  and  the  lock  at 
Oriskany  are  not  required  in  this  plan.  The  next  lock,  and  the  last 
one  in  this  division,  is  located  at  Frankfort.  Its  lift  is  10  feet  wheii 
the  reservoir  is  full  and  3  feet  when  it  is  empty.  The  water  surface 
below  the  lock  will  have  an  elevation  of  876,  as  before. 

The  Frankfort  dam  in  this  case  has  a  fall  of  10  feet,  instead  of  20 
feet,  as  under  the  high-level  plan,  and  it  has  a  bulkhead  with  gates 
to  pass  water  on  to  the  locks  below  wlienever  that  njay  be  necessary. 

The  streams  tributary  to  the  line  of  the  canal  in  the  Mohawk  Val- 
ley are  received  into  the  canal  as  l)efore,  save  that  on  account  of  the 
greater  depth  of  the  channel  the  intak«'  works  aro  moi-c  extensive  an<l 
their  cost  is  increased. 

It  is  a  pai't  of  the  low-level  plan  to  store  the  water  of  Salmon  River 
and  allow  it  to  flow  down  Fish  Creek  into  Oneida  Lake,  thereby 
increasing  the  available  water  supply.  An  estimate  for  the  necessary 
reservoir  on  Salmon  River  has  been  made  in  Ai)[)endix  No.  10  and  is 
added  to  the  estimate  for  this  plan. 

The  volume  of  water  which  it  is  expected  to  receive  from  Salmon 
River  is  such  that  it  may  be  carried  down  Fish  Ci'eek  without  any 
considerable  improvement  to  its  channel.  The  gauging  of  the  stream 
at  McConnellsville,  made  by  the  water  suppl}'  division  in  the  spring 
of  18!)8,  showed  a  flood  discharge  of  -l,  100  cubic  feet  per  second,  while 
the  amount  which  is  expected  to  pass  through  it  from  Salmon  River 
is  only  350  cubic  feet  per  second,  and  will  be  controlled  by  gates,  so 
that  in  case  of  floods  it  may  be  shut  off  entirely. 

It  is  necessary  to  excavate  a  channel  through  the  ridge  separating 
Salmon  River  from  Fish  Creek.  This  channel  is  3.5  miles  long  and 
has  a  slope  of  0.00015.  It  is  10  feet  deep,  has  a  bottom  width  of  15 
feet  and  side  slopes  of  1  on  2.  Its  cross  section  and  slope  are  such 
that  it  will  carry  about  twice  the  proposed  discharge,  but  it  may  be 
desirable  at  times  to  increase  that  amount,  and,  moreover,  the  flow 
may  be  lessened  at  certain  seasons  bj^  the  growth  of  vegetation,  so 
that  a  smaller  channel  would  be  found  less  satisfactory. 

In  addition  to  the  estimate  of  the  reservoir  there  is  a  dam  across 
the  Salmon  River  at  the  entrance  to  the  proposed  feeder,  and  several 
smaller  dams  across  creeks  which  intersect  the  feeder,  for  which  esti- 
mates have  been  made,  and  they  are  included  herein,  being  indicated 
in  the  tabulated  estimate  by  a  footnote. 

Table  No.  9  ijives  the  lengths  of  levels  and  lifts  and  costs  of  the 
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locks;  Table  No.  10  y:ives  the  loratioii,  kind  and  cost  of  tlu-  biidf^e.s 
for  both  ;]<»  and  '2\  foot  channels;  Table  No.  11  shows  the  allj;ninent; 
Table  No.  12  ,u:ives  the  different  classes  of  naviu'ation,  with  the  per- 
centaujes  of  each;  and  Tables  Nos.  i;{  and  14  jfive  the  total  estimated 
costs  of  21 -foot  and  ;50-foot  channels,  respectively,  all  bein^  ba.sed  ou 
the  low-level  plan. 

T.\BLK  N(».   '.). 


Num- 
ber of 
lock. 

Lo<.'ation  oi  lock. 

Single  or 
doable 
Ux;k. 

Elevation  of 
low  water. 

Below.  Above. 

245.4       2o6.8 
266.8      309.6 
309.6      .'$11. 0 
331.0      349.0 
349. 0      ;*)7.  0 
367.0      379.0 
376.0      379.0 

Lift  in  feet. 

21.4 

42.8 
21.4 
18.0 
18.0 
'12.0-  19.0 
'3.0-  10.0 

Length 
of  level 
in  miles. 

1 

Oswego,  N.  Y 

Single.... 
Double  .. 
Sing.e.... 

do  ... 

do 

2  and  3. 

do 

890 

4 

5 

6  .... 

Minetto.  N.  Y 1 

Fulton,  N.Y 

do 

4.:«4 
5.900 
1  193 

7 

....  do    

do 

I  648 

8 

Frankfort,  N.  Y      

do     .. 

72  (»84 

Headgates  lock  lOto  end  of  division. 
Total 

4.529 

136.6-150.6 

90.628 

'  Reservoir  full. 
rOST. 


Number  of  lock. 


1 

2and3 

4 

5 

6 

7 

8 

Total  

Operating  machinery 

Total 


;K>-f()ot 
channel. 


Sl.»fc")4.it42 
3. 4.56, 9.'-0 
1.10.t,991 
l.(Ml,2  1 
1.004.381 
1.034,907 
913. 1(16 


21-fo()t 
channel. 


stUl.  l(i,s 
2.179.291 
681. 426 
6(J9.B89 
607. 149 
624.. 589 
.5.52.712 


Operating 
machinery, 

;«j  foot  ■ 

and  21  foot 
ehanr.els. 


9..575.5;i8 
775, (HXI 


5.8!».5,SK54 
77.5.0(10 


10,350,538 


6,670.it>Jl 


r.j.()(io 


Table  No.  10. ^Fridges  for  luto-level  plan. 


§ 
1 

OQ 

15 

8: 
no 

275 
.5.54 
.582 
14(H 
274() 
3292 
33(14 
3995 

Mm 

42:Ji> 
4242 
4555 
4648 
4747 

1 
Kind  of  bridge. 

o 

h 
i 

s 

s 
2 

si 

a 

1 

o 

3U-foot  channeL 

21-foot  channel. 

Location. 

1 

0 

B 

"Ss 

a 

"5 
1 

s 

'Si 

s 

1 

1 

1 
3 

1 

Oswego,  N.Y 

Uo 

Highway. 
Railway  . 
Highway . 
do 

Swing-. 
do... 

...do... 
....do... 

545.0 
550.0 
545.0 
235  0 
537.5 
2*5.0 
.5.37.5 
537.5 
.54.5.0 
537.5 
.537.5 
545.0 
550.0 
550.0 
23.5.0 
545.0 
M5.0 

S68,240 
221,429 
116.  .5:14 

19, 986 
152.916 

19.986 
156, 434 
1.56.538 

m.  'M 
125,218 
1.52.800 
196.950 
2:18.139 
238.  i:W 

19.98»i 
103.  .m 
KB.  354 

525.0 

.5;k».o 

52.5.0 
195.0 
517.5 
19.5.0 
517.5 
.517.5 
.525  0 
.517. 5 
517  5 
.525.0 
.5.«)0 
5:10.0 
195.0 
52.5.0 
52.5.0 

§t!»i,  79(5 
I9ti,  161 

98  1:18 

16  650 

Fuiton      

Railway  . 

Highway. 

Railway 
do 

Highway. 

Railway  . 
do  .... 

Highway. 

Railway  . 

..    do  .... 

Highway. 

do 

1 

....do... 
....do     . 

1:52  1T4 

Uo 

ill  ti.511 

1 
1 

1 
1 

2 
2 

...do  . 
....do... 
....do... 

...do... 

...do... 
....do... 
....do. 

...do... 
...do... 
..  .do... 

149. 118 

Kear  Sylvan  Beach 

Rome 

139.292 
92.  :w» 

Do 

117.(l.>4 

Utiea 

l;iO,Sl(t 

Do         

91,:i56 

209,113 

Do 

2(19.113 

Franitfort      

16,  (i50 

84.086 

do.... 

.-.do... 

84,086 

Total 

2,0G8,767 

1,(H9,567 
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Table  No.  11. — Lmc-level  plan. 


Length  of 
tangent. 

Length  of 
curve. 

Minimum  Tjecrreesof 

rad his  of    ^•^K^eesor 

curvature.  «"r^*^ture. 

Percent- 
age of 
tangent. 

Percent- 
age of 
curvature. 

Miles. 
70. 762 

Miles. 
10.866 

Feet.      \         o       ' 
4,523.4          7ft5    40 

78.08 

21.92 

Table  No.  12.— Lcnc-level  j)lan. 


Miles. 


Per  cent. 


Open  water 

Improved  waterways 
Canal  prism 


20.928 
4.963 
04.r38 


Total 


90.628 


23.09 
5.48 
71.43 

100.00 


Table  No.  IS.—Osirego-Mohau'k  Route,  Westei'n  Division. 
LOW  LEVEL  PLAN-3()-FOOT  CHANNEL. 

Lake  Ontario  sec;ion  (station  —26  +  00  to  — 9-f-20): 

Excavrtiou— 

Submerged  rojk.  349,070  cubic  yards,  at  $3 $699, 340 

Breakwater,  Appendix  No.  :)  .     ..    ... 1,190,317 

Crib  work — 

Pini.  ■2,415,600  feet  B.  M.,  at  $30  per  M. 72,468 

Hemlock,  5. 840,')20  feet  B.  M.,  at  $23  per  M 134,334 

Oak.  97.920  feet  B.  M..  at  -SoO  per  M 4,896 

Iron.  742.870  pounds,  at  3  cents 22,286 

Stone  ^:ll,  102,034  cubic  yards,  at  60  cents 61, 220 

Total 2,184,861 

Oswego-Miiietto  section  (station  —9+20  to  288+00;: 
E-xcavation— 

Earth,  dry,  11,866.321  cubic  yards,  at  20  cents 2,373,264 

Rock,  dry,  1, 969, o96  cubic  yards,  at  6)  cents 1,280,237 

Retaining  wall,  143.479  cubic  yards,  at  $4 ., .  573,916 

Masonry  in  by- passes.  4.300  cubic  yards,  at  $4 17, 200 

Slope  wall,  68,448  8  luare  yards,  at  $1.10   75,293 

Back  fill,  449,336  cubic  yards,  at  25  cents 112,334 

Crib  work — 

Pine.  2,374,400  feet  B.  M.,  at  $30  per  M 71,232 

Hemlock,  6,992.000  feet  B.  M.,  at  $23  per  M.. 160,816 

Oak,  96,920  feet  B.  M.,  at  $25  per  M 2,423 

Iron,  786,632  pounds,  at  3  cents 23,599 

Stone  fill,  125.856  cubic  yards,  at  60  cents 75,514 

Railroad  and  highway  changes 29,660 

Locks — 

No.  1. 1,054,942 

Nos.  2  and  3. 3,456,980 

No.  4 1,109,991 

Lock-operating  machinery — 

2  sets,  single,  at  $100,000 200,000 

1  set,  double 175,000 
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Oswego-Minetto  section,  etc.— Continued. 

Bridges $426,189 

Right  of  way — 

City  property,  277  acres,  at  .$3,080 576, 160 

Farm  land,  729  acres,  at  §200 145,800 

Total 11,940,5.50 

Minetto-Fulton  section  (station  288+00  to  550+00): 

Excavation — 

Earth,  1,911,170  cubic  yards,  at  18  cents 344.011 

Rock.  dry.  117,208  cubic  yards,  at  65  cents 76.224 

Slope  walls,  14,508  square  yards,  at  §1.10.. 15.959 

Minetto  dam  ( No.  1 )  — 

Excavation,  25,567  cubic  j'ards,  at  20  cents 5. 113 

Masonry  in  dam  and  abutments,  44,913  cubic  yards,  at  $6 269.  478 

Cofferdams,  estimated  cost  55.000 

Highway  and  railroad  changes. 25,670 

Right  of  way — 

Farm  land,  1,154  acres,  at  §100 115,400 

Swamp  land,  408  acres,  at  §12.50 5. 100 

Water  rights.  Battle  Island  Dam    150,000 

Total 1.061.1)55 

Fulton-Brewerton  section  (station  550+00  to  1410+00): 

Excavation — 

Earth,  29,876.982  cubic  yards,  at  18  cents 5,377,857 

Rock,  2,0:T3, 872  cubic  yards,  at  65  cents 1,322.017 

Masonry — 

Retaining  wall,  198.210  cubic  yards,  at  §4 ._  792,840 

By-])ass.  600  cubic  yards,  at  §4  . 2. 400 

Slope  wall.  513.405  s(iuare  yards,  at  §1.10. 564.  746 

Back  fill,  723.338  cubic  yards,  at  25  cents .- 180,834 

Crib  work — 

Pine.  2.381.600  feet  B.  M.,  at  §30  per  M 71,448 

Hemlock,  9.173,000  feet  B.  M..at  §23  per  M 210,979 

Oak,  77,000  feet  B.  M.,at  §50  per  M.. 3.850 

Iron,  979,024  pounds,  at  3  cents 29.371 

Stone  fill,  154,800  cubic  yards,  at  60  cents 92. 880 

Oneida  River  dam — 

E.\cavation.  5 1 ,000  cubic  yards,  at  18  cents 9, 180 

Em!  ankment,  2r.00i)  cubic  yards,  at  15  cents... 4,050 

Masonry  m  dam  and  abutments,  21,270  cubic  yards,  at  §6 127, 620 

Stoney  gates 46, 2.50 

Railroad  and  highway  changes... 73,400 

Steam  ferries,  4,  at  §20,000 80,000 

Locks — 

No.  5 1. 001 .  231 

No.  6. 1.004,381 

No.  7 1.034.907 

Lock  operating  machinery.  3  sets  single,  at  $100,000 300. 0(X) 

Bridges 329.336 
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Fulton- Brewer  ton  section,  etc.— Continued. 
Right  of  way— 

Village  property,  Fulton,  N.  Y..  55  acres,  at  $3,600 $143,000 

Farm  land,  5,9i0  acres,  at  §100 591.000 

Swamp  land,  2,446  acres,  at  $12.50 30,575 

Water  rights... -...  806.000 

Total 14,230.152 

Brewerton-Canada  Creek  section  (station  1410+00  to  2970+00): 
Excavation- 
Earth.  21,464.652  cubic  yards,  at  8  cents 1, 717, 172 

Rock,  wet,  505,500  cubic  yards,  at  $2 1,011,000 

Slope  wa.l,  259,2  il  sijuare  yards,  at  $1. 10 ' 285. 187 

Railroad  and  highway  changes. 264,675 

Bridges 156.538 

Right  (f  way — 

Farmland,  36,714.65  acres,  at  $100 3,671.465 

Swamp  land.  4,800  acres,  at  $12.50 60,000 

Salmon  River  feeder — 

Earth  excavation,  1,207,300  cubic  yards,  at  15  cents. 181,095 

Reservoir'. 1,350.000 

Dam  No.  53' 366,500 

Dam  No.  55' 5,100 

DamNo.  56' 1,000 

Dam  No.  57 ' .57, 000 

Dam  No.  58'_ 87,600 

Guard  gate.  No.  7  ' - 14,000 

Total... 9,228,333 

Canada  Creek- Fort  Bull  (station  2970+00  to  3165+00): 
E  cavation — 

Earth,  12,387,183  cubic  yards,  at  20  cents 3,477,437 

Rock,  dry,  2,789,719  cubic  yards,  at  70  cents 1,952,803 

Masonry- 
Retaining  wall,  219,402  cubic  yards,  at  $4    877,608 

Receivers.  5.500  ciabic  yards,  at  $4 22, 000 

Slope  wall,  28.713  square  yards,  at  $1.10 31,584 

Backfill,  512.027  cubic  yards,  at  25  cents 128,007 

Highway  changes ^ 600 

Steam  ferry.  1 20,000 

Right  of  way — 

Farm  land,  943  acres,  at  $100 94, 300 

Total... 5,604,339 

Fort  Bull-Herkimer  section  (station  3165+00  to  4789+91.5): 
Excavation — 

Station  3165  to  3280— 

Earth,  12,861,717  cubic  yards,  at  22  cents 2,829,578 

Rock,  102,500  cubic  yards,  at  70  cents 71,750 

Station  3280  to  3420— 

Earth,  9,245,002  cubic  yards,  atlScents 1,664,100 

Rock,  3,902,848  cubic  yards,  at  70  cents 2, 731 ,  994 

'From  estimate  for  water  supply,  high  level.  Appendix  No.  16. 
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Fort  Bnll-Herkimer  section,  etc. — roiitiiine<l. 
Excavation — Continued. 
Station  ;{42()  to  ;J5H0— 

Earth.  16,H44,3<)8  cubic  yards,  at  22  cents §3,601.761 

Rock,  i:i;{. 285  cubic  yards,  at  70  cents 1)3,205 

Station  ;!5!)0  to  3780— 

Earth,  9,021,5)75  cubic  yards,  at  18  cents 1,023,956 

Rock.  4 ,405,07 5  cubic  yards,  at  70  cents 3. 1 25.  553 

Station  37S0  to  3980— 

Earth,  15,008,168  cubic  yards,  at  18  cents ..  2.701.470 

Rock,  121,002  cubic  yards,  at 70  cents _  >i4.  701 

Station  3980  to  4180— 

Earth,  12,390.081  cubic  yards,  at  22  cents 2,  725, 950 

Station  4180  to  4533— 

Earth,  18.295,204  cubic  yards,  at  22  cents 4. 024, 945 

Station  4533  to  4789+91.5— 

Earth,  11,123,827  cubic  yards,  at  18  cents 2,002,289 

Rock,  117,023  cubic  yards,  at  70  cents 81.916 

E.xcavation  for  receivers  not  in  above,  520,300  cubic  yards,  at  1 8  cents  93, 054 
Excavation  for  drainage  channels — 

Earth,  0,508,000  cubic  yards,  at  15  cents 985, 200 

Retaining  wall,  341. 2(>8  cubic  yards,  at  $4  : 1,305,072 

Masonry  for  receivers  and  by-passes,  41,100  cubic  yards,  at  $4 164.400 

Slope  wall,  991,540  s  luare  yards,  at  si. 10 1,090,094 

Back  fill,  862,371  cubic  yards,  at  25  cents 215.593 

Crib  work — 

Pine.  1.431,000  feet  B.  M..  at  §30  per  M  _ 42,948 

Hemlock.  4, 553,;)40  feet  B.  M.,  at  $23  per  M 104,734 

Oak,  75.840  feet  B.M.,  at  §50  per  M... 3,792 

Iron.  523,344  pounds,  at  3  cents. 15.  700 

Stone  fill,  79,120  cubic  yards,  at  60  cents.. 47,470 

Frankfort  dam — 

Excavation,  90,000  cubic  yards,  at  18  cents 10, 200 

-Masonry  in  dam  and  abutments.  2,650  cubic  yards,,  at  $6 15. 900 

Gates -     0.000 

Railroad  and  highway  changes 412.  320 

Steam  ferry,  1 20,0i;0 

Lock.  No.  8 913.106 

Lock-operating  machinery — 

1  set,  single 100.000 

Bridges l.isi.7()4 

Right  of  way — 

10,335  acres,  at  $100 l,0:i3,500 


Total... - 35.251.221 

TOTAL  COST. 

Lake  Ontario  section      - .$2, 184. 861 

Oswego-Minetto  section 11,940,.5.50 

M'Uetto- Fulton  section 1,061.955 

Fiilton-Brevverton  section ._- 14,230.152 

Brewerton-Canada  Creek  section 9, 228, 332 

Canada  Creek-Fort  Bull  se.  tion  5,604.339 

Fort  Bui- Herkimer  section       .  35.251.221 

Total - 79,501,410 
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Table  No.  14. — Oswego-Mohawk  route,  western  division. 
LOW-LEVEL  PLAN,  21-FOOT  CHANNEL. 

Lake  Ontario  section  (station  —20+00  to  —9+20): 

Excavation — 

Submerged  rock,  152,361  cubic  yards,  at  $2 $304,722 

Breakwater,  Appendix  No.  3 721,380 

Crib  work— 

Pine,  2,416.000  feet  B.  M. ,  at  $30  per  M 72,480 

Hemlock,  3.096.800  feet  B.  M.,  at  $23  per  M 71,226 

Oak.  83,600  feet  B.  M..  at  $")0  per  M 4,180 

Iron.  490,58.')  pounds,  at  3  cents 14, 718 

Stone  fill,  63,325  cubic  yards,  at  60  cents 37, 995 

Total 1,226,701 

Oswego-Mlnetto  section  (station  —9+20  to  288+00): 

Excavation— 

Eirth.  dry,  9,300,777  cubic  yards,  at  20  cents 1,860,155 

Rock,  dry,  843,884  cuhic  ynrds.  at  65  cents , 548,525 

Retaining  wall.  97,906  cubic  yards,  at  $4 391,624 

Masonry  in  by -passes,  4,300  cubic  yards,  at  $4 17,200 

Slope  wall,  88.288  square  yards,  at  $1.10 97,117 

Back  fill,  348,900  cubic  yards,  at  25  cents 87, 285 

Crib  work— 

Pine.  2.374.400  feet  B.  M.,  at  $30  per  M 71,232 

Hemlock,  4,894,400  feet  B.  M..  at  $23  per  M 112,571 

Oak,  53,760  feet  B.  M.,  at  $50  per  M 2,688 

Iron,  593,000  pounds,  at  3  cents 17,808 

Stone  fill .  94,576  cubic  yards,  at  60  cents  .  _  56. 746 

Railroad  and  highway  changes • 29, 660 

Locks — 

No.  1 641,108 

Nos.  2  and  3.. 2,179,291 

No.  4 681,426 

Lock-operating  machinery — 

2  sets  single,  at  $100,000 200.000 

1  set  double 175,000 

Bridges    377,745 

Right  of  way — 

City  property.  277  acres,  at  $2,080 576,160 

Farm  land,  729  acres,  at  $200 145,800 

Total 8,269,081 

Minetto-Fulton  section  (station  288+00  to  550+00): 

Excavation — 

Earth,  914,740  cubic  yards,  at  18  cents 164,653 

Slope  wall,  13,414  square  j-ards.  at  $1.10. 14,755 

Minetto  dam — 

Excavation,  25,567  cubic  yards,  at  20  cents 5,113 

Masonry  in  dam  and  abutments,  44,913  cubic  yards,  at  $6 269, 478 

Cofferdams 55,000 

Railroad  and  highway  changes 25,670 
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Minetto-Fulton  section,  etc. — Continued. 
Right  of  way — 

Water  rights,  Battle  Island  daiu $irjO,0(M3 

Farmland,  1,154  acres,  at  .$100 115,400 

Swamp  land,  408  acres,  at  $12.50 5, 100 

Total 805,169 

Fulton-Brewerton  section  (station  5.50-1-00  to  1410+00): 

Excavation — 

Earth,  22,243,558  cubic  yards,  at  18  cents. 4,003.840 

Rock,  905.227  cubic  yards,  at  05  cents    - 588, 398 

Masonry — 

Retaining  wall,  128,208  cubic  yards,  at  $4 513, 072 

By-pass,  (500  cubic  yards,  at  $4 2, 400 

Slope  wall ,  530.906  square  yards,  at  $1. 10 - . .  583, 997 

Back  fill,  465,160  cubic  yards,  at  25  cents 116, 290 

Crib  work — 

Pine,  2,222,000  feet  B.  M.,  at  $30  per  M 66,660 

Hemlock,  3,794,260  feet  B.  M. .  at  $23  per  M 87, 268 

Oak,  85,800  feet  B.  M.,at$50perM 4,290 

Iron,  918,168  pounds,  at  3  cents -..  27,545 

Stone  fill ,  230,243  cubic  yards,  at  60  cents - 138, 146 

One:  da  River  dam — 

Excavation,  51.000  cubic  yards,  at  18  cents 9,180 

Embankment,  27,000  cubic  yards,  at  15  cents 4, 050 

Masonry  in  dam  and  abutments,  21 ,270  cubic  yards,  at  §6 127, 620 

Stoney  gates 46,250 

Railroad  and  highway  changes. 73, 400 

Steam  ferries,  4,  at  $20,000 80,000 

Locks — 

No.  5 - 609.689 

No.  6 -- - ----  607.149 

No.  7 - 624,589 

Lock  operating  machinery — 

Three  sets,  single,  at  §100,000 300,000 

Bridges - 297,942 

Right  of  way — 

Village  property,  Fulton.  N.  Y.,  55  acres,  at  $2,600 143,000 

Farm  property,  5,910  acres,  at  $100 591.000 

Swamp  land,  2,446  acres,  at  $12.50... 30,575 

Water  rights,  Fulton,  N.  Y 806,000 

Total 10.482,350 

Brewerton-Canada  Creek  section  (station  1410+00  to  2970+00): 
Excavation — 

Earth,  14,079,204  cubic  yards,  at  8  cents  1,126,336 

Rock,  wet,  30,646  cubic  yards,  at  $2- 01.292 

Slope  wall,  259,261  square  yards,  at  $1.10 285.187 

Railroad  and  highway  changes. 264.675 

Bridges.    139,292 

Right  of  way- 
Farm  land.  36,714.65  acres,  at  $UX) 3,671,465 

Swamp  land,  4,800  acres,  at  $12.50 60,000 
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Salmon  River  feeder: 

Earth  excavation,  1,207,300  cubic  yards,  at  15  cents $181,095 

Reservoir' -. 1,350.000 

Dam  No.  53' 366,500 

DamNo.55' 5,100 

Dam  No.  561 1  000 

Dam  No.  571 57,000 

Dam  No.  58'... 87,600 

Guard  gate  No.  7  ' 14,000 


Total 7,670.542 


Canada  Creek-Fort  Bull  section  (station  2970  +  00  to  3165+00): 
Excavation — 

Earth,  11,773,284  cubic  yards,  at  20  cents 2,354,657 

Rock,  1,364,600  cubic  yards,  at  70  cents 955,220 

Masonry — 

Retaining  wall.  96,670  cubic  yards,  at  §4 386,680 

By- pass,  5, 50 J  cubic  yards,  at  $4.    22,0J0 

Slope  wall,  73,683  square  yards,  at  $1.10 81,051 

Back  fill.  193,550  cubic  yards,  at  25  cents  ._ 48, 388 

Highway  changes 600 

Steam  ferry.  1 20,000 

Right  of  way — 

Farm  laud,  943  acres,  at  s  K  id 94, 300 


Total .   3.962.896 


Fort  Bull-Herkimer  section  (station  31654-00  to  4789-1-91.5): 
Excavation — 

Station  3165  to  3280— 

Earth,  11.421.882  cubic  yards,  at  22  cents 2,512,814 

Rock,  41,015  cubic  yards,  at  70  cents 28,710 

Station  3280  to  3420— 

Earth,  9,005,048  cubic  yards,  at  18  cents 1, 620, 909 

Rock.  2,587,541  cubic  yards,  at  70  cents 1,811,279 

Stat. on  3420  to  3590— 

Earth,  14,530,927  cubic  yards,  at  22  cents 3, 190,  804 

Station  3590  to  3780— 

Earth,  8,528.606  cubic  yards,  at  18  cents 1,535,149 

Rock.  2,773.258  cubic  yards,  at  70  lents 1.941,281 

Station  3780  to  3980— 

Earth,  12,649,373  cubic  yards,  at  18  cents 2,276,887 

Rock,  121,002  cubic  yards,  at  70  cents 84,701 

Station  3980  to  4180— 

Earth,  10.285,9(55  cubic  yards,  at  22  cents 2, 262, 912 

Station  4180  to  4533— 

Earth,  14,605,749  culdc  yards,  at  22  cents 3,213,265 

Station  4533  to  4789-1-91.5- 

Earth,  8,600,133  cubic  yards,  at  18  cents 1,548,024 

Rock,  25,190  cubic  yards,  at  70  cents.   - 17,633 

Excavation  for  receivers  not  in  above — 

Earth,  524,046  cubic  yards,  at  18  cents... 94,328 

'From  estimate  for  water  supply,  high  level.  Appendix  No.  16. 
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Fort  Bull-Herkiiner  section,  etc. — Continued. 
Excavation  for  draining  channels — 

Earth,  ().r)(58,0(lO  cubic  yards,  at  lo  cents $985,200 

Retaining  wall,  :2UU.(i9i)  cubic  yards,  at  S4 800,:i84 

Masonry  for  receivers,  etc.,  41,100  cubic  yards,  at  $4 164, 4(X) 

Slope  wall,  1,02(),2V,  .square  yards,  at  SI.  10 1,122,278 

Back  fill,  484,170  cubic  yards,  at  25  cents     121,043 

Crib  work — 

Pine,  1,770,000  feet  B.  M.,  at  SaOperM. 5:3,1 00 

Hemlock,  (i,328,a00  Veet  B.  M. ,  at  $.23  per  M 141,  .551 

Oak,  88,920  feet  B.  M.,  at  $50  per  M 4.440 

Iron,  714,144  pounds,  at  .3  cents 21,424 

Stone  till,  101,872  cubic  yards,  at  60  cents 61.123 

Frankfort  dam — 

Ex  avation.  90.00 )  cubic  yards,  at  18  cents    ..                    16.200 

Masonry  in  dam  and  abutments,  2,650  cubic  yards,  at  §6 15, 9<X) 

Gates 6,000 

Railroad  and  highway  changes . .     412, 320 

Steam  ferry.  1                            20,000 

Lo-kNo.8_                               .. 552,712 

Lock- operating  m-iciunery — 

1  set  single 100.000 

Bridges 1,034,588 

Right  of  way — 

Farm  land,  10.335  acre-s,  at  .8100 1 .  033.  .500 

Total. 28, 81 4. S65 

TOTAL   COST. 

Lake  Ontario  section _.  $1,226,701 

Oswego-Minetto  section... 8.269. 081 

Minetto-Fu'.ton  section 805. 169 

Fnlton-Brewerton  section 10, 482, 350 

Brewerton-Canada  Creek  section 7, 670. 542 

Canada  Creek-Fort  Bull  section.   - 3,962.896 

Fort  Bull-Herkimer  section 28,814,865 

Total. .  '•.'  231.<i04 

WATER  SUPPLY — LOW-LEVEL  PLAN. 

For  the  ])urpose  of  this  discussion  the  period  from  April  to  Novem- 
ber, inclusive,  is  called  the  navigation  period,  and  that  from  Decem- 
ber to  May,  inclusive,  the  storage  period.  It  will  be  observed  that 
the  first  two  niontlis  of  the  navigation  p(»rio<l  are  the  last  two  months 
of  the  storage  period. 

The  amount  of  water  re(iuirc(l  foi-  the  summit  Icvt'l  may  be  divided 
into  two  parts — that  lost  by  evaporation  and  that  consumed  by  lock- 
age. To  deterniiue  the  amount  of  water  which  may  be  lost  by  evap- 
oration, reference  is  made  to  the  measurements  of  evaporation  at  the 
Kochester  waterworks,  given  in  Table  No.  15,  and  to  the  record  of  pre- 
cipitation during  the  navigation  period  for  those  portions  of  the  Oneida 
and  Mohawk  watersheds  which  will  drain  into  the  proposed  summit 
level,  given  in  Table  No.  IG. 
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Table  No.  m.— Showing  evaporation  during  navigation  periods  at  Rochester, 
N.  Y.,  1892  to  1896,  inclusive.^ 

Inches. 

189t>.. 30.86 

1893 30.02 

1894 29.27 

1895.. ..34.38 

1896 32.23 

Table  No.  16. — Record  of  precipitation  during  navigation  periods  on  portions  of 
Oneida  and  Mohaivk  watersheds  tributary  to  proposed  summit  level,  18^:6-1898, 
inclusive,^ 

[Depths  given  in  inches.] 


1826. 

1827. 

1828. 

1829. 

1830. 

1831. 

1832. 

1833. 

1834. 

1835. 

Pomi)ey   

27.75 
36.70 

28.94 
30.88 

23.90 
24.97 

36.75 
34.28 
31.00 

26.33" 
29.76 

22.40 
34.31 
27.94 

28.59 
28.94 
30.24 

"28.'85' 

25.89 
17.73 

24.28 
30.42 
26  61 

Utica.... ...     20.81 

White.sboro 

18  34 

Average 

20.81 

32.23 

29.91 

24.44 

30.68 

28.04 

28.18 

29.26 

28.49 

24.88 

18:36. 

1837. 

1838. 

1839. 

184a 

1841. 

1842. 

1843. 

1844. 

1845. 

Pompey 

14.63 
19.37 

25.71 

20.97 

20.72 
34.93 
25.43 

30.26 

2.5.60 
29.44 
33.46 
41.30 

19.16 
29.94 
21.33 

23.53 
41.34 
33.16 

24.52 
33.95 
34.20 

Utica 

23.02 
29.62 

28  66 

30.35 
17.53 

a5.54 
21. 01 

26  90 

Whitesboro 

22.26 

Average 

18.75 

24.53  .    25.84 

1 

22.83 

32.43 

23.44 

32.34 

30.89 

26.32 

27.78 

184d 

1847.        1848. 

1849. 

1850.       1851. 

1852. 

1853. 

1854. 

1855. 

Pompey    

40.59      28.38 

31.. 59 
29.44 

3L39 
28.73 

23.13 

23  63 

Utica 

28.08 
29.71 

Cazenovia 

25.22 

28.63 

29.51 

Clinton          

30.07 

33.20 

3L83 

30.38 
24.30 

38  07 

Palermo 

24.80 

Average 

38  90 

25.22 

28.53 

29.  .51 

40.59 

29.23 

31.41 

30.65      25.94 

28.83 

1856. 

1&57. 

1858. 

18.59.    1 

1860. 

1861. 

1862. 

1863. 

1864. 

1865. 

Utica 

32.75 

■■32."26' 

28.69 
21.19 
32.00 

28.57 
25.21 
33.40 

Clinton 

23.00 
25.90 

48.90 
30.30 

33.29 

28.10 

35.64 
33.90 

37.05 
31.40 

27.12 
33.80 
33.51 

Palermo 

32.05 

South  Trenton 

Oneida 

48.26 

31.48 

.^verasje 

24.45 

39.60 

30.20 

34. 77 

34.23 

3:2.48 

27.29 

29.06 

40.16 

1866. 

1867. 

1868. 

1869.      1870. 

1871. 

1872. 

1873. 

1874. 

1875. 

1876. 

Palermo 

31.81 

38.47 
48.93 

39.73 

19.90 
36.54 

51.36 

35.90 

22.05 

39.78 
57.25 

39.69 

25.  HO  1  1.5.25 

48.  73  1  35. 20 
56.03  j  46.83 

17. 70     23.  fiO 

23.73 
32.64 

1 
28.40  I  20.40 
29.56     38.87 
52.60  ; 

22.70 

South  Trenton  ... 
Oneida 

34.60 

41.47 

31.67 

33.67 
a5.33 

Average 

43.45     32.43 

31.26 

27.64 

'28.19 

36.85     39.64 

30.57 

'  From  Report  N'ew  York  State  Engineer  and  Surveyor.  1896. 
^  From  data  furnished  by  the  water-supply  division. 
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Table  No.  16. — Record  of  precipitation  during  navigation  periods  on  j}ortions  of 
Oneida  and  Mohawk  watersheds,  etc. — Continued. 


1877. 

1878. 

1879. 

1880. 

1881. 

1882. 

188a 

1884. 

1886. 

1686. 

1887. 

Utica 

25.67 
15.71 

26.02 
13.79 

28.32 
22.90 

23.87 
13.78 

38.07 
22.65 

34.75 
20.63 

23.07 

Palermo 

2i.35 

34.65  1 

28.00 

i».i6 

23.37 

17.33 

Oneida 

Average  — 

28.00 

28.60 

18.10 

28.37 

20.60 

19.91 

2S.61 

18.58 

30.36 

27.68 

20.20 

Utica 

Palermo 
Rome  ... 
Phoenix. 


1888. 


30.06 
22.20 


Average ... 


26.58 


1890. 


33.27       44.85 


25.29 


29.28 


30.67 
48.36 


41.29 


1891. 


21.17 
18.13 


19.65 


1892. 


1893.      1894. 


1895. 


1896. 


39.97  I 

34.95  I  25.00 


34.11 


36.34 


.mo? 
m.  .59 


26.74 
30.29 

27.83 


18.81     20.41 


22.89 
18.68 


28.55  I  28.28 


20.13 


25.10 
22.53 


22.68 


1897.      180a 


33.03  I  24.06 

28.91  38.47 

28.(10  30.23 

26.65  I  30.92 


The  maximum  evaporation  recorded  during  the  navigation  periods 
for  the  years  1892  to  1890,  inclusive,  occurred  in  18!»o,  and  amounted 
to  34.38  inches.  This  was  an  e.Kcessively  dry  year  throughout  the 
lake  region,  and  the  evaporation  is  not  likely  to  be  exeeedetl. 

The  year  of  least  precipitation  during  the  navigation  period,  shown 
in  Table  No.  16,  is  1879,  and  the  amount  for  that  year  is  18.1  inches. 
Subtracting  this  minimum  precipitp^tion  from  the  maximum  evapora- 
tion gives  16.28  inches  for  the  maximum  depth  of  water  that  will  be 
taken  from  the  surface  of  the  reservoir  during  any  navigation  season 
b}'  evaporation. 

The  area  of  the  surface  of  the  reservoir  when  full  is  148.7  square 
miles.  This  area  reduced  to  square  feet  and  multiplied  by  the  depth 
of  evaporation  in  feet  gives  5,624,086,000  cubic  feet,  the  volume  of 
water  required  for  evaporation. 

It  is  assumed,  by  the  direction  of  your  Board,  that  a  flow  of  1,500 
cubic  feet  per  second  throughout  the  navigation  period  will  afford  an 
abundant  supply  for  lockage,  and  that  of  this  amount  350  cubic  feet 
per  second  can  be  supplied  from  the  Salmon  River  reservoir.  A  flow 
of  1,150  cubic  feet  per  second  remains  to  be  provide<l.  This  flow 
continued  throughout  the  navigation  period,  two  hundred  and  forty- 
four  days,  amounts  to  24,243,840,000  cubic  feet,  and  when  added  to 
the  volume  required  for  (evaporation  makes  a  total  of  29,867,926,000 
cubic  feet  which  must  be  obtained  from  the  area  naturally  tributary 
to  the  summit  level. 

It  is  desirable  that  a  quantity  of  water  sullicient  for  canal  i)urposes 
shall  be  supplied,  in  addition  to  that  now  in  use  for  water  powers. 
In  the  event  of  the  construction  of  the  canal,  it  would  l)e  necessary, 
in  order  to  accomplish  this  purpose,  hat  the  amount  of  water  now 
used  for  power  be  carefully  measured  and  provision  made  for  the 
continual  flow  of  that  amount  both  at  Little  Falls  and  in  the  Oswego 
River.  If  we  except  the  three  summer  months,  there  is  generally  a 
H.  Doc.  149 31 
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large  volume  of  water  wasted  over  the  dams  on  both  the  Oswego  and 
Mohawk  rivers,  and  it  is  here  assumed  that  the  Seneca  River  alone 
will  furnish  water  for  power  purposes  on  the  Oswego  during  the  stor- 
age period,  and  that  West  Canada  ('reek  alone  will  furnish  water  for 
powers  at  Little  Falls  during  that  period.  The  portion  of  the  Oswego 
watershed  not  made  tributary  to  the  summit  level  has  an  area  of 
about  3,654  square  miles,  and  the  portion  of  the  Mohawk  watershed 
above  Little  Falls  not  made  tributary  to  the  summit  level,  and  which 
Includes  West  Canada  Creek,  has  an  area  of  646  square  miles. 

The  natural  flow  from  the  area  that  would  drain  into  the  summit 
level  for  the  months  not  included  in  the  storage  period  is  not  consid- 
ered a  part  of  the  supply  available  for  canal  purposes  and  may  be 
use<l  for  water  powers  as  at  present. 

While  it  is  impossible  without  further  data  to  say  that  by  this 
arrangement  the  various  water  powers  will  continue  to  receive  this 
present  supply  of  water,  it  seems  reasonable  to  expect  that  they  will, 
and  such  is  assumed  to  be  the  case  in  this  discussion. 

The  portion  of  the  Oneida  watershed  to  be  made  tributary  to  the 
summit  level  lias  an  area  of  1,348  square  miles,  tlie  portion  of  the 
Mohawk  watershed  to  be  made  tributary  to  the  summit  level  has  an 
area  of  660  square  miles,  and  the  sum  of  these  areas,  2,008  square 
miles,  is  the  total  from  which  the  volume  29,867,926,000  cubic  feet 
must  be  obtained  during  the  storage  period. 

It  is  assumed  that  during  the  above  period  60  per  cent  of  the  pre- 
cipitation will  find  its  way  into  the  reservoir.  This  assumption  was 
made  after  a  study  of  Table  No.  17,  in  which  the  precipitation  and 
run-off  statistics  of  several  streams  whose  records  were  available  have 
been  arranged  to  show  the  percentage  of  precipitation  which  appears 
in  the  discharge  of  the  streams  during  the  storage  period  of  years  of 
average  and  minimum  precipitation. 

Table  No.  17. — Rainfall  and  run-off  data  for  storage  period. 


Stream. 


Muskingum 

Upper  Genesee 
Upper  Hudson 

Croton 

Passaic 

Sudbury 

Mystic 

Cochituate 


Period  of 
observa- 
tion. 


1888-1895 
1894-1896 
1891-1896 
1870-1896 
1888-1893 
1875-1895 
1878-1895 
1863-1895 


Area 

of 
water- 
shed in 
square 
miles. 


5,838.0 

1,070.0 

4,500.0 

338.0 

822.0 

7.5.0 

26.9 

18.9 


For  mean  precipitation  dur- 
ing observation  period. 


Precij)- 
itation 

in 
inches. 


18.82 
19.58 
120.80 
23.44 
25.49 
23.28 
22.41 
23.08 


Run- 
off 


inches. 


9.57 
10.20 
15.95 
18.00 
21.03 
17.58 
15.08 
14.89 


Per- 
cent- 
age of 
precip- 
itation. 


50.85 
52.09 
76.68 
76.79 
82.50 
75.52 
67.29 
64.51 


For  year  of 

minimum 

precipitation. 


Precip- 
Year.  itation 


inches. 


1895 
1895 
1895 
1872 
1892 
1883 
1883 
1872 


13.04 
13.20 
2  15.79 
14.57 
22.26 
16.78 
16.24 
14.51 


Run- 
off 
in 
inches. 


4.04 
5.63 
11.68 
11.59 
14.44 
9.70 
7.41 


Per- 
cent- 
age of 
precip- 
itation. 


30.98 
42.  &5 
73.97 
*79.55 
64.87 
57.81 
45.63 
61.20 


Note.— This  table  was  computed  from  data  collected  by  6.  W.  Rafter  and  published  in  the 
Reports  of  the  New  York  State  Engineer  for  1895  and  1896  and  in  Water  Supply  and  Irrigation 
Papers  of  the  United  States  Geological  Survey,  No.  24. 

*  Precipitation  on  "northern  plateau." 

"  A  percentage  of  run-off  greater  than  the  average  in  a  year  of  minimum  precipitation  seems 
very  improbable  and  is  probably  due  to  au  error. 
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The  year  of  ininimiiin  precipitation  on  the  Upper  Hudson  is  18!j)5. 
In  that  year  the  percentajje  of  precipitation  which  appeared  in  the 
run-off  at  Mechanioville  is  73.07.  The  conditions  affectiii}?  precipita- 
tion and  run-off  whicli  prevail  uix)n  the  watersheds  of  the  Oneida  and 
Upper  Mohawk  rivei-s  probably  resemble  those  of  the  Hudson  more 
closely  than  the  conditions  whidi  prevail  upon  any  of  the  other 
streams.  Geograpliically  the  summit  level  is  nearer  to  the  Hudson 
than  to  any  other  stream  of  which  the  records  are  available,  and  the 
climatic  conditions  of  the  two  localities  are  similar.  The  streams 
draining  into  the  summit  level  have  channels  which  are  generally 
stony  and  precipitous,  though  perhaps  they  are  not  so  torrential  in 
character  as  the  tributaries  of  the  Hudson.  The  Hudson  River  record 
of  run-off  has  been  kept  under  favorable  conditions  and  should  be 
quite  reliable,  and  it  includes  the  year  1895,  which  is  noted  for  its 
general  dryness. 

On  the  other  hand,  the  precipitation  record  used  in  computing  the 
percentage  of  run-off  for  the  Hudson  is  the  record  of  the  "northern 
plateau,"  an  area  which  includes  observation  stations  north  and  west 
of  the  Upper  Hudson  basin  and  only  one  or  two  stations  within  that 
basin.  Much  of  the  Hudson  basin  lies  in  the  heart  of  the  Adiron- 
dacks,  where  no  observations  of  precipitation  have  been  made,  and 
the  record  of  the  "northern  plateau"  has  been  used  as  affording  the 
nearest  approximation  to  the  precipitation  of  the  Hudson.  It  may 
therefore  be  surmised  that  since  in  1895,  the  year  of  minimum  pre- 
cipitation, the  percentage  of  run-off  of  the  Hudson  was  so  great,  it 
being  73.97,  the  actual  precipitation  on  the  Hudson  was  probably 
greater  than  that  of  the  "northern  plateau."  If  such  is  the  case,  the 
effect  would  be  to  reduce  the  percentage  of  run-off,  and  this  proba- 
bility was  considered  in  deciding  upon  the  percentage  to  be  used  in 
calculating  the  run-off  from  the  Oneida-Mohawk  watershed. 

If  00  per  cent  of  the  precipitation  during  the  storage  period  is  to 
afford  a  volume  of  29,867,926,000  cubic  feet  of  water,  then  the  total 
volume  of  precipitation,  or  100  per  cent,  must  be  49,779,877,000  cubic 
feet,  which  is  equal  to  a  depth  of  10.67  inches  over  2,008  square  miles. 

This  depth  exceeds  the  recorded  precipitation  during  the  storage 
period  in  but  two  years  out  of  the  seventy- three  years'  record  (this 
record  is  given  in  full  in  Appendix  No.  16.  The  observation  stations 
considered  are  the  same  as  those  in  Table  No.  16),  once  in  1829,  when 
the  precipitation  was  9.34  inches,  and  once  in  1837,  when  it  was  8.95 
inches.  The  average  precipitation  during  the  storage  periods  for  the 
seventy-three  years  was  19  inches,  or  78  per  cent  more  than  the  amount 
required. 

The  record  of  precipitation  is  not  wholly  satisfactory.  In  several 
years  we  have  the  record  for  but  a  single  station.  The  record  at  Oneida 
of  a  mean  annual  precipitation  of  64.83  inches  is  abnormally  large, 
and  the  difference  between  the  records  of  Utica  and  Whitesboro  sug- 


484  DEEP    WATERWAYS. 

gests  a  difference  in  methods  of  measurement.  The  latter  places  are 
on  the  south  side  of  the  Mohawk  Valley,  not  over  3  miles  apart, 
and  the  mean  annual  i^recipitation  for  five  years — 1834,  1835,  1836, 
1839,  and  1840 — at  Utica  is  36.98  inches,  while  for  the  same  years  at 
Whitesboro  it  is  31.83  inches.     Such  a  discrepancy  is  unaccountable. 

In  this  discussion  evajjoration  from  water  surfaces  durinj?  the 
months  December  to  March,  inclusive,  has  been  neglected,  and  also 
the  fact  that  the  area  of  the  proposed  reservoir  is  about  7  per  cent  of 
the  watershed,  and  upon  its  surface  the  precipitation  will  fall  directly. 
These  factors  will,  in  a  measure,  balance  each  other,  the  net  result 
being  too  small  for  consideration  in  a  problem  involving  the  use  of 
such  rough  data.  For  the  same  reason  no  account  has  been  made 
of  the  present  Erie  Canal  reservoirs  and  feeders,  which,  though  small, 
will  nevertheless  assist  a  little  to  increase  the  water  supply. 

We  have  next  to  inquire  concerning  the  capacity  of  the  reservoir. 

Since  April  and  Maj'  are,  by  reason  of  the  large  run-off  of  water 
during  those  months,  made  a  part  of  the  storage  period,  it  would  seem 
unnecessary  for  the  storage  supply  to  be  greater  than  is  needed  for 
the  months  of  June  to  November,  inclusive.  The  consumption  of 
water  for  the  months  of  April  and  May  will  be,  in  a  year  of  maximum 
evaporation,  as  per  Rochester  data: 

Cubic  feet. 

Lockage.... 6,060.960,000 

Evaporation,  8.44  inches  on  148.7  square  miles 2,915.681,000 

Total 8,976,641,000 

This  volume  is  equivalent  to  a  run  off  of  1.86  inches  on  2.008  square 
miles,  or  a  precipitation  of  1.92  divided  by  0.6  =  3.2  inches. 

Table  No.  18. — Precipitation  on  Oneida  and  Upper  Mohawk  watersheds  during  the 
months  of  April  and  May  for  the  twelve  years  of  the  record,  showing  the  least  pre- 
cipitation for  those  months: 

Inches.  Inches. 


1879... 2.05 

1891.. 3.02 

1873 ,   3.08 

1828 3.17 

1881 3.  .32 

1847 3.33 


1872 8.62 

1896 3.65 

1877 3.80 

1887 3.88 

1884 4.11 

1837 4.14 


Table  No.  18  gives  the  recorded  precipitation  in  April  and  May  for 
the  twelve  years  of  the  record  showing  the  least  precipitation  during 
those  months.  The  necessary  quantity,  3.2  inches,  was  lacking  in  but 
four  years — 1879,  1891,  1873,  and  1828.  In  those  years  the  precipi- 
tations during  the  months  of  April  and  May  were  respectively  2.05 
inches,  3.02  inches,  3.08  inches,  and  3.17  inches.  The  only  year  in 
which  the  deficiency  is  at  all  serious  is  in  1829,  and  during  the  storage 
period  of  that  year  the  precipitation  was  abundant.  It  may  there- 
fore be  considered  that,  since  the  months  of  April  and  May  constitute 
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about  one-fourth  of  tlif  iia\  i^atioii  pei'io<l,  a  stc^i-aj^c  volume  equal  to 
three-f()Ui'tli!s  of  the  total  volume  of  water  to  he  furnislied  by  the 
Oneida  and  Mohawk  watersheds  will  be  all  that  is  required.  This 
total  volume,  the  Salmon  River  supply  not  included,  is  29,8<57,920,(X)O 
cubic  feet,  and  three-fourths  of  it  is  22,4()0,()4o,000  cubic  feet. 

The  capacity  of  the  reservoir  between  elevations  379  and  3>'i  is 
25,302,400,000  cubic  feet,  a  surplus  of  2,901,455,000  cubic  feet  al30ve 
what  is  needed.  In  addition  to  this,  tlie  water  surface  could  be  raised 
1  or  2  feet  above  elevation  38'»  without  doing  any  harm,  since  the  locks 
are  to  be  built  to  elevation  391  and  the  embankment  at  the  weir  in 
Oneida  River  to  elevation  300.  . 

Because  of  the  uncertainty  of  calculations  based  upon  rainfall  data 
it  may  be  well  to  inquire  what  conditions  would  develop  in  the  event 
of  a  3'ear  so  dry  that  a  sufficient  sujiplj'  of  water  failed  to  be  collected 
during  the  storage  period.  It  .is  seen  at  once  that  there  is  at  the 
beginning  of  the  storage  period  a  surplus  of  water  in  the  reservoir  of 
2,901,455,000  cubic  feet,  the  amount  by  which  its  capacity  exceeds  the 
demand.  This  amount  alone  will  furnish  water  for  lockage  and  evap- 
oration at  the  usual  rate  for  nineteen  days. 

Referring  to  the  Salmon  River  reservoir,  there  would  prol)ably  be 
many  years  when  the  whole  or  a  part  of  its  waters  would  not  be 
needed.  In  such  a  case  during  the  succeeding  storage  period  only  a 
fraction  of  the  drainage  from  the  Salmon  River  basin  would  be  needed 
to  fill  that  reservoir  and  the  remainder  could  be  turned  directly  into 
Oneida  Lake.  If  it  were  not  needed  in  the  lake,  it  would  run  over  the 
weir  in  Oneida  River  and  thence  into  Lake  Ontario,  but  if  it  should 
happen  that  the  Oneida  reservoir  was  not  filled  by  the  drainage 
naturally  tributary  to  it,  then  this  overflow  from  Salmon  River  might 
help  to  fill  it.  It  may  be  well  to  state  that  in  calculating  the  volume 
of  the  Oneida  storage  reservoir  no  account  was  made  of  the  ground 
water  which  would  drain  from  the  shores  of  the  lake  when  the  water 
surface  is  lowered.  The  area  bordering  the  lake  which  it  is  proposed 
to  submerge  contains  about  12  square  miles  of  swamp  land,  the 
drainage  from  which,  when  the  water  surface  is  lowered,  would  l)c  con- 
siderable. 

The  occurrence  in  succession  of  two  years  of  maximum  dryness  is  a 
rare  contingency,  but  because  of  its  possibility  it  may  be  profitable  to 
ask  what  would  happen  if,  after  using  the  reserve  supply  above 
described,  there  came  another  year  of  equal  dryness.  In  that  case 
there  would  be  a  deficiency  in  the  ordinary  supply  and  the  reserve 
described  above  would  be  wholly  wanting.  The  case  would  be  unfor- 
tunate, of  course,  but  it  would  not  cause  the  suspension  of  navigation. 
Suppose  a  30-foot  cliannel  has  been  constructed,  then,  when  the  water 
supply  begins  to  fail,  the  available  depth  in  the  summit  level  will 
diminish;  but  the  volume  of  water  lying  Ix^tween  elevations  379  and 
377  is  ti, 244, 7t'»0,(H^()  cubic  feet  and  would  furnish  water  for evapoi-ation 
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and  lockage  at  the  usual  rate  for  forty-one  days.  With  the  water 
surface  at  an  elevation  of  377  there  would  still  be  a  depth  in  the 
channel  of  28  feet,  and  it  would  onh^  be  necessary  for  the  boats  to 
carry  smaller  cargoes  until  the  great  drought  had  passed. 

The  foregoing  discussion  has  not  been  carried  to  that  degree  of 
refinement  that  would  be  desirable  with  more  exact  data.  The  pre- 
cipitation records  have  not  been  kept  at  a  svifficient  number  of  sta- 
tions, and  those  we  have  exhibit  some  vagaries  which  raise  suspicion 
as  to  their  value.  The  percentage  of  run-off  used  in  the  computations 
may  prove  too  high  and  the  provision  for  the  noninterference  with 
water  powers  may  not  prove  satisfactory.  But  the  condit  ions  discussed 
include  a  maximum  length  of  navigation  season,  a  maximum  lockage, 
maximum  evaporation,  and  a  minimum  rainfall.  The  average  con- 
ditions would  be  more  favorable,  and  in  the  extreme  case  Oneida 
Lake  would  continue  to  act  as  a  reservoir  no  matter  how  great  the 
demand  upon  it.  If  drawn  down  8  feet  below  proposed  low  water,  it 
would  still  have  an  area  of  about  80  square  miles,  and  a  month's 
traffic  would  lower  it  but  little.  So,  if  it  be  assumed  that  the  average 
water  supply  is  sufficient,  navigation  need  never  be  suspended,  though 
at  times  the  maximum  depth  of  water  may  not  be  available  in  the 
summit  level. 

This  condition,  is  in  striking  contrast  to  that  which  would  exist  with 
a  short  high-summit  level  dependent  upon  a  feeder  supply.  With 
such  a  plan,  if  the  storage  supply  were  exhausted  or  if  the  banks  of 
the  feeder  or  reservoir  should  fail,  the  water  would  at  once  be  cut  off 
from  the  canal  and  navigation  wholly  suspended. 

In  conclusion,  it  may  be  stated  that  notwithstanding  the  unsatisfac- 
tory character  of  the  data  used,  the  results  indicate  a  strong  proba- 
bility that  a  sufficient  water  supply  may  be  obtained  bj'  this  plan, 
and  it  would  be  well  to  verify  them  by  a  series  of  discharge  measure- 
ments on  the  Oneida  and  Mohawk  rivers.  Such  measurements,  in 
connection  with  gauge  records  covering  years  of  maximum  and  mini- 
mum discharge,  would  permit  a  proper  and  final  design  for  the  water 
supply. 

A  gauge  was  established  at  Brewerton  in  January,  18!)8,  and  was 
read  under  the  direction  of  the  undersigned  until  June  1,  1899,  and 
the  record  preserved.  Mr.  F.  H.  Newell,  hydrographer  in  charge, 
United  States  Geological  Survey-,  has  since  continued  the  readings, 
and  each  year  will  add  to  the  value  of  the  record. 

The  effect  of  floods  on  Oneida  Lake  has  been  discussed  under  the 
high-level  plan  with  an  area  of  water  surface  of  about  90  square 
miles.  Since  by  the  low-level  plan  the  area  would  be  148.7  square 
miles,  or  about  55  per  cent  greater,  the  fluctuation  due  to  freshets 
would  be  much  less,  and  so  small  as  to  be  of  no  especial  interest. 

The  advantages  shown  by  the  low-level  plan  may  now  be  summed 
up  as  follows: 
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If  at  any  time  tho  supply  of  stored  water  should  prove  insufficient, 
navipition  need  not  be  susj)ended,  since  the  Oneida  reservoir  could 
be  drawn  below  the  low- water  elevation,  and  thus  furnish  a  continuous 
supply  of  water  at  the  expense  of  a  slightly  decreased  depth  of  water 
in  the  summit  level. 

The  (lifticulties  and  uncertainties  of  maintaining  a  fee<ler  about  !J0 
miles  long  and  extending  for  a  considerable  portion  of  its  length 
across  the  drainage  lines  of  the  country  would  be  avoided. 

There  would  be  a  saving  of  twoloeks  with  their  attendant  delays  to 
navigation,  and  if  the  three  locks  at  Fulton  should  be  combined  in 
two,  three  locks  would  be  avoided.  In  either  case,  the  reduction  in 
total  lift  would  vary  between  GO  feet  and  74  feet,  according  to  the  stage 
of  the  reservoir. 

The  loss  of  water  b}-  leakage,  though  very  small  in  either  ease, 
would  be  somewhat  less,  since  between  Oneida  Lake  and  Frankfort 
the  water  surface  would  be  lower  than  the  ground  surface,  whereas 
with  the  high  level  there  would  be  a  fewjolaces  where  the  water  might 
seep  through  the  canal  banks  into  Wood  Creek  or  the  Mohawk  River. 

DESCRIPTION   ()P   SURVEYS. 

The  survey  was  made  to  cover  the  route  described  in  the  1896  Report 
of  the  United  States  Deep  Waterways  Commission,  and  also  such 
minor  variations  as  were  deemed  worthy  of  investigation.  Besides 
the  usual  base  line,  stadia  work,  and  test  boring  described  in  Appen- 
dix No.  '.»,  the  survey  included  triangulation  of  Oswego  Harbor  and 
Oneida  Lake  and  soundings  in  Lake  Ontario,  Oswego  Rivei-,  OjxMda 
River,  Oneida  Lake,  Wood  Creek,  and  Mohawk  River, 

The  survey  was  begun  at  Oswego,  N.  Y.,  in  October,  18!»7.  The 
force  consisted  at  first  of  a  base-line  party,  in  charge  of  Mr.  E.  E. 
Hart,  and  two  stadia  parties,  in  charge  of  Messrs.  C.  E.  Curtis  and 
F.  A.  Bagg,  respectively.  A  sounding  party  and  a  level  party  began 
work  early  in  Novem])er,  and  one  boring  machine  was  started  in  Peter 
Scott's  swamp  in  the  latter  part  of  December.  Mr.  J.  C.  Hoyt  was  in 
charge  of  the  soundings,  Mr.  E.  Hilborn,  jr.,  was  selected  to  run  the 
levels,  and  Mi-.  A.  W.  Saunders  was  employed  to  superintend  the 
borings. 

An  effort  was  made  in  the  beginning  to  keep  the  force  together  as 
closely  as  possible  for  the  purpose  of  getting  started  right. 

The  survey  from  the  Oswego  light-house  to  the  first  lock  in  the 
Oswego  Canal  was  controlled  by  triangulation  wliich  was  made  by 
the  base-line  party.  Upon  its  completion,  the  measurement  of  the 
base  line  along  the  river  was  begun. 

The  stadia  work  was  begun  at  the  lake  >liore  wiih  a  ])ariy  on  »Nieh 
side  of  the  Oswego  River. 

When  the  base-line  party  got  well  aliead  <>f  the  stadia  work,  it  was 
used,  together  with  the  level  party.  To  lo<-ate  sourHlinir  r.inires.     'I'liese 


488  DEEP    WATERWAYS. 

parties  carried  along  the  base  liue  and  levels,  and  located  the  sound- 
ings until  December  27,  when  tlie  running  ice  caused  a  suspension  of 
sounding,  and  the  base  line  was  then  pushed  forward  to  C)neida  Lake 
as  rapidl}^  as  possible. 

The  work  upon  Oneida  Lake  could  be  done  best  in  the  winter  time, 
when  its  surface  was  frozen,  and  plans  were  therefore  made  to  do  it 
all,  if  possible,  during  the  first  winter.  That  would  necessarily  cause 
a  break  in  the  continuity  of  the  survey,  but  the  importance  of  com- 
pleting the  lake  work  during  the  ice  season  made  it  the  controlling 
feature  of  the  survey.  As  it  was  impossible  to  foretell  either  the 
duration  Of  the  ice  or  the  amount  of  work  which  might  be  necessary 
in  order  to  find  the  best  channel  thiough  the  lake,  it  was  deemed 
advisable  to  concentrate  the  whole  force  on  the  lake  and  push  the 
work  as  rapidly  as  possible.  For  this  purpose  the  stadia  work  on  the 
Oswego  River  was  suspended  and  the  parties  moved  to  Brewerton 
about  the  middle  of  January. 

The  sounding  and  triangulation  were  botli  begun  January  17.  Mr. 
Curtis's  party  had  been  assigned  to  the  triangulation,  Mr.  Bagg's 
party  to  tlie  soundings,  and  the  force  was  considerably  increased  by 
the  addition  of  a  number  of  laborers. 

Up  to  that  date  very  little  time  had  been  lost  because  of  bad 
weathei',  and  there  was  so  much  topography  to  be  taken  about  Oneida 
Lake  that  a  new  stadia  party  was  oi'gauized  and  set  at  work  on  the 
north  shore  of  the  lake  January  17. 

The  l)orings  in  Peter  Scott's  swamp  were  completed  about  the  mid- 
dle of  January,  and  as  soon  as  the  sounding  party  was  out  of  the  way 
two  boring  machines  were  started  on  tlie  lake. 

In  order  to  find  the  deepest  channel  a  line  oi  soundijig^^  was  made 
across  the  lake  at  Constantia,  and  another  at  North  Bay.  A  transit 
line  M'as  then  run  from  the  outlet  of  the  lake  at  Brewerton  to  the 
deepest  part  of  the  lake  opposite  Constantia,  and  from  there  to  tlie 
deepest  point  in  the  lake  opposite  North  Bay.  This  line  was  used  as 
a  base  from  which  to  lay  out  the  soundings.  A  i)arallel  line  300  feet 
south  was  also  staked  and  soundings  made  along  both  lines  at  inter- 
vals of  100  feet.  At  intervals  of  500  feet  lines  were  staked  perpendic- 
ular to  the  base  and  sounded  far  enough  on  either  side  to  show  that 
the  deepest  water  lay  within  the  sounded  area. 

A  sounding  reel  and  an  ice  auger,  such  as  are  described  in  Appen- 
dix E  E  E  of  the  Report  of  the  Chief  of  Engineers,  LTnited  States  Army, 
for  1805,  were  used  in  the  work.  The  reel  was  found  veiy  convenient 
and  rapid,  but  the  auger  proved  no  more  economical  than  axes. 

The  sounding  was  completed  February  7  and  the  laborers  discharged. 
The  stadia  party  resumed  its  work  at  Brewerton. 

The  base-line  party,  after  crossing  the  lake,  extended  its  line  up 
the  Wood  Creek  Vallej'  to  the  high  ground  near  New  London.  The 
valley  is  subject  to  frequent  floods  in  the  spring,  which  rise  above  the 
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banks  of  the  creek,  and  it  was  intended  to  run  tlie  line  far  enough  to 
peiniit  its  continuance  at  an}'  time  that  mip;ht  be  desinMl. 

The  party  next  returned  to  the  hike  and  nieasun-d  a  ])ase  near  North 
Bay  and  one  near  Brewerton  for  use  in  the  trianguhition.  T]w  l>ase 
lino  Ix'ing  then  far  in  advance  of  the  rest  of  the  survey  the  party  was 
assiifned  to  stadia  work  in  Sand  Ridjje,  where  the  thick  woods  and 
bi'usli  nuide  it  desirable  to  do  the  work  before  the  leaves  came  out  in 
the  spring. 

While  the  base-line  party  was  crossing  the  lake  the  level  line  had 
been  carried  around  the  lake  on  tlie  north,  and,  when  the  base  line 
was  suspended,  the  level  party  was  broken  uj)  t<Mii])<>rarily  and  its 
members  divided  among  the  other  parties. 

The  material  in  tlie  bed  of  the  lake  proved  to  be  mostly  thin  mud, 
with  occasional  bars  of  sand  and  gravel,  and  a  little  rock  near  the 
outlet.     The  boring  was  therefore  very  easy  and  made  rapid  progress. 

It  was  completed  Febi'uary  0,  and  the  party  moved  back  to  Sand 
Ridge  and  worked  in  the  small  ponds  and  marshes  in  that  vicinit\" 
while  the  ice  lasted.  In  the  spring  the  borings  were  completed  between 
Phoenix  and  Brewerton  and  during  the  first  week  of  .Tune  two  boring 
machines  were  started  at  Sylvan  Beach  and  one  on  the  Oswego  River 
at  Phoenix.  The  latter  was  mounted  on  a  small  flatboat,  which  had 
an  open  well  near  the  center  through  which  the  drill  and  casing  could 
be  worked. 

The  triangulation  of  Oneida  Lake  was  completed  March  15  and  the 
party  resumed  its  stadia  w'ork  on  the  Oswego  River.  A  description 
of  the  triangulation  is  given  under  a  separate  heading. 

As  soon  as  the  lake  work  was  completed  the  efforts  of  the  corps  were 
directed  toward  the  completion  of  the  work  between  Brewerton  and 
Oswego.  The  soundings  of  the  river  were  completed  in  a  short  time, 
and  in  the  latter  j^art  of  May  the  stadia  work  was.completed  and  the 
two  original  parties  moved  to  the  south  shore  of  Oneida  Lake,  while 
the  base-line  and  level  parties  resumed  their  work  near  New  London. 
There  was  no  further  interruption  of  the  base-line  work  until  its 
completion  at  Herkimer,  July  11. 

On  May  24  a  reconnoissance  was  made  by  your  Board  of  a  route  from 
Fulton  westward  toward  Sod  us.  The  route  was  found  to  be  so  crooked 
and  the  work  so  heavy  that  no  survey  was  made  of  it.  On  the  same 
day  a  proposed  line  from  Fulton  southeasterly  through  lugalls  Cross- 
ing into  Peter  Scott's  Swamp  was  examined.  A  preliminaiy  stadia  line 
had  already  been  run  over  the  ground,  and  it  appeai'ed  so  favorable 
that  its  complete  development  was  ordered.  When  the  base  line  had 
1)een  completed  to  Herkimer  the  parties  engaged  upon  it  were  there- 
fore moved  back  to  Fulton  to  run  this  line. 

Soundings  and  borings  were  made  for  a  harbor  at  Oswego  in  July, 
one  stadia  party  and  a  sounding  ])arty  l)eing  sent  from  Woo<l  Creek 
and  a  boring  nuichine  from  Phoenix  for  that  purpose.     The  soundings 
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were  made  from  a  steam  launch  running  on  ranges,  and  the  soundings 
located  by  two  transits  on  the  shore.  The  borings  were  made  from  a 
small  flatboat,  the  same  that  began  work  on  the  river  at  Phoenix  early 
in  June. 

On  the  completion  of  the  harbor  woik  the  stadia  and  sounding  par- 
ties returned  to  Wood  Creek  and  the  boring  machine  was  moved  back 
up  the  river.  There  was  no  further  interruption  of  the  sounding  and 
stadia  work  and  they  were  both  completed  to  Herkimer  early  in 
November. 

A  second  boring  machine  was  started  near  Fulton  August  0,  and 
the  two  machines  continued  their  work  along  the  Oswego  and  over 
the  line  from  Fulton  to  Peter  Scott's  Swamp  until  its  completion  in 
the  middle  of  January,  1899. 

The  boring  party  east  of  Oneida  Lake  found  very  hard  material 
near  New  London,  and  the  progress  was  so  slow  that  the  foice  was 
gradually  increased  until  there  were  six  machines  at  work.  The  hard 
material  was  passed  a  short  distance  west  of  Rome  and  the  progress 
dowh  the  Mohawk  Valley  was  more  rapid.  The  borings  were  com- 
pleted during  the  first  week  in  January,  1899. 

The  plotting  of  the  survey  was  continued  at  Rome  until  March  1, 
1899,  when  the  force  was  moved  to  the  office  of  the  board  at  Detroit. 
Since  the  method  ptirsued  in  the  mapping  varies  in  some  respects 
from  that  pursued  by  the  other  corps  it  is  <l«'s«-ri]>cd  witli  some  detail 
under  a  separate  heading. 

In  the  spring  of  1899  a  few  additional  l)oriiigs  were  made  at  the  site 
of  a  proposed  lock  near  Fulton,  and  in  July  a  complete  development 
was  made  of  a  line  from  Minetto  to  Lake  Ontario,  running  west  of 
Oswego. 

Table  No.  19  indicates  the  size  of  the  force  and  the  progress  of  the 
work  from  its  beginning  in  October,  1897,  to  the  closing  of  the  field 
office,  Februarj^  2S,  1899. 

The  men  engaged  upon  the  surv^ey  have  taken  great  interest  in  the 
work  and  are  worthy  of  credit  for  their  earnest  efforts  to  accomplish 
the  best  possible  results.  I  am  particularly  indebted  for  the  active 
sympathy  and  cooperation  of  the  following  men  who  had  charge  of 
instrument  parties  in  the  field:  F.  A.  Bagg,  A.  E.  Broenniman,  C.  E. 
Curtis,  E.  E.  Hart,  J.  Hayes,  E.  Hilborn,  jr.,  and  W.  A.  Miller.  A.  W. 
Sanders  was  superintendent  of  borings.  W.  .1.  Bergen,  A.  Haring, 
and  II.  II.  Ross  assisted  in  the  Detroit  office  and  deserve  mention. 
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Table  No.  ly. — Approximate  statement  of  monthly  progrenn  of  field  work. 


Transit  line.    Levels,  di»-  la** 

distance  run     tance  run    !  s  ° 

in  miles.  in  miles.     '  a  " 


Topography.  \     Soundint. 


Nu;nber 

of  names 

on  pay 

roll. 


Month. 

Base  line.          i 

a 

11  0 

S 

0 

Auxiliary 
line. 

0  s 
gP8 

1^ 

Days  lost  on  \ 
account  of  ; 
storma 

Si 

11 

Area  sounded 
in  square 
miles.« 

Number  of 
holes. 

.13 

f 

t 

o 

1 

1897. 
Oct 

6.01 
5.34 
14.40 

30.24 
2.91 

"'8.'32" 

8.34 

.63 
"5.'2i' 

5.54 
16.28 
22.01 

69.  .58 
7.t>3 

0.4 
12.9 
13.0 

4.6 
"'"5'i" 

168 

.83 
7.(J6 

7.;« 

28 
31 

52 
48 
38 
35 
33 
41 
44 
45 
47 
44 
39 

4  22 

Nov 

3.5 
4.5 

1.0 
4.4 
1.4 

2.8 
4.7 

1~ 
.  7 
3.2 
1.5 
3.6 

Dec 

3 

33 

113 

15 

81 

1,302 
3,398 
1.287 

12 

1898. 

1 

■     i 

6  1 

m  i 

39   

15 

Feb  .... 
Mar  .... 

2.98 
7.79 

18 
21 

45  1,757 
34     1.241 

70     3,828 

46  1.435 
m     2,798 
.54     2, 166 

10!»     6,046 
97     4,978 
.V,    :.',!i:u 

10  1      464 

?() 

May 

June 

9.6^ 
21.35 
17.02 

15.  i8 
47.97 
24.46 

«> 

23.72 
9.46 

22.98 
3.02 
3.60 

«3 

July.... 

.4 

5W 

45 

! 

.55 

Oct 



47 

Nov 



1.2 

.53 

Dec 

' 

■IS 

1899. 
Jan 



18 

Feb 

j 

' 

Total 

106.89 

22.5 

208.65 

37.6 

249 

132.30 

32.5 

88.77 

15.80 

750  i33.711 

'  Includes  all  other  soundinjis. 

^  Includes  Lakes  Ontario.  Onedia.  and  Pleasant. 


'  Depth  of  water  not  included. 
*  Drafting. 


Note.— The  small  amount  of  field  work  done  in  the  spring  and  summer  of  18fl9  is  not  included. 
The  time  lost  by  storms  while  taking  topography  is  given  as  the  best  available  data  of  that 
character.    It  is  the  average  number  of  days  lost  by  the  several  stadia  parties  at  work. 


TRI  ANGULATION. 

The  Oswego  Harbor  was  covered  by  a  net  of  simple  triangles.  The 
work  was  done  by  the  base-line  party,  Mr.  E.  E.  IFart  in  charge. 

The  base  was  401.24  feet  long.  The  number  of  triangles  was  47  and 
the  longest  side  1,4.35.3  feet.     The  area  covered  was  ^Vo  stiuai"^  mile. 

The  triangles  were  all  small  and  no  especial  care  was  necessary  to 
insure  satisfactory  results.  Five  sides  were  both  measured  and  com- 
puted, and  the  results  are  as  follows: 


Side. 

Measured  'Computed  Discrep- 
lengtb.    i    length,    j    ancy. 

AB                                 

.564.  .59            .T«H.,58          +0.01 

BC                  .       .           

915.52  j         915.  (•«          —  .16 

Hi  I                               

1,309.57         l.:3»Kt,49           +  .08 

R,  S      .             

1.50.77  1          1.511.76           +  .01 

491.43            491.4^3                .00 

The  only  diffi<Milty  encountered  was  in  dodirimr  lunibcr  pilfs  and 
buildings. 

The  triangulation  controls  the  survey  from  the  outer  light-house  to 
the  first  base-line  station  near  Oswego  Canal  lock  No.  18. 
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The  triangulatioii  of  Oneida  Lake  was  performed  by  Mr.  C.  E.  Cur- 
tis and  the  members  of  his  stadia  party,  aided,  during  the  latter  part 
of  the  work,  by  Mr.  E.  Hilborn,  jr.,  and  an  additional  rodman. 

The  work  consisted  of  the  preliminary  reeonnoissance,  selection  and 
marking  of  stations,  measuring  base  lines,  and  observing  the  angles. 
The  adjustment  of  the  angles  and  the  computations  were  ])erfoi'med 
later  in  the  office  at  such  times  as  were  convenient. 

Two  Buff  So  Berger  6:^-inch  transits  Avere  used  on  the  woi-k.  The 
verniers  of  both  insti'uments  read  to  30  inches.  Tlie  one  with  which 
the  work  was  begun  had  been  in  use  about  three  months.  It  had  an 
inverting  telescope.  When  Mr.  Hilborn  was  assigned  to  the  work,  the 
second  transit  was  purchased  new.  It  was  just  like  the  one  already  in 
use,  save  that  it  had  an  erecting  telescope. 

The  object  of  the  triangulation  was  to  extend  liie  Ijase  line  of  the 
survey  across  Oneida  Lake  and  to  establish  points  along  its  shores 
with  which  to  control  the  topography.  Tlie  greater  part  of  the  lake 
had  been  mapped  by  the  United  States  Geological  Survey,  the  map  of 
which  was  very  useful  in  locating  the  various  stations. 

The  general  scheme  adopted  was  a  chain  of  six  quadrilaterals  and 
a  single  triangle,  the  triangle  being  at  the  western  end  of  the  lake. 
The  western  vertex  of  the  triangle  Avas  called  A  and  the  stations  along 
the  shores  were  lettered  consecutively  B,  C,  D,  E,  F,  G,  and  H,  the 
subscript  ii  and  s  being  used  to  indicate  whether  the  station  was  on 
the  north  or  south  shore.  The  lines  B,,  B^  and  Gs  and  H^  were 
selected  as  bases,  and  their  lengths  measured  on  the  ice. 
-There  were  also  three  stations.  Is,  -„,  '3„,  located  outside  of  the 
main  system,  and  in  connection  with  other  stations  they  formed  two 
additional  triangles. 

The  stations  were  first  marked  on  the  geological  map,  care  being 
taken  that  no  angle  should  scale  less  than  30°.  Flags  were  then  set 
up  around  the  lake  at  the  various  stations  and  observed  with  a  field 
glass  to  see  if  the  adjacent  stations  were  intervisible,  and  the  angles 
measured  roughly  with  a  pocket  compass.  Manj-  of  the  stations  had 
to  be  shifted  several  times  before  the  desired  conditions  could  be 
obtained.  The  mai)  was  not  wholly  accurate,  and  it  was  found  that 
trees  and  buildings  prohibited  the  use  of  some  of  the  lines  first  planned. 

The  line  D,,  E.,  had  to  be  cleared  for  about  1,000  feet  through  a 
piece  of  thick  woods. 

It  was  found  that  two  angles  were  slightly  less  than  30^,  and  since 
they  could  not  be  increased  without  great  difficulty  thej^  were  allowed 
to  stand.  Most  of  the  stations  were  located  at  the  edge  of  the  water 
in  order  to  avoid  trees.  Two  stations,  F„  and  Gn,  were  on  quite  high 
ground,  but  the  view  from  each  was  obstructed  by  trees  and  buildings, 
and  two  wooden  towers  had  to  be  erected. 

When  it  was  found  that  Fn  and  G,,  could  not  be  used  without  the 
towers,  other  plans  were  studied.     The  only  alternate  locations  avail- 
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able  wei'o  such  that  if  adoptetl  they  would  make  si'veml  of  the;  angles 
considerably  less  than  3(J°,  and  they  eould  not  be  used  at  all  without 
a  further  reeonnoissanee.  It  seemed  to  he  a  <{U<*stion  whether  it  were 
better  to  incur  a  further  expense  and  delay  for  reeonnoissanee  and 
accept  angles  of  a  size  which  were  too  small  for  the  best  results  or  to 
build  the  towers.  The  cost  of  the  two  towers  was  ^10<;.40,  and  the 
expense  for  a  further  reeonnoissanee  and  setting  the  signals  would 
have  been  not  less  than  $25,  so  it  is  possible  that  $81.40  was  paid  for 
th<>  sake  of  having  the  angles  greater  itistead  of  less  than  30°. 

The  signals  us«h1  were  pine  boards,  1  inch  by  12  inches  by  8  feet 
long.  The  edges  of  the  boards  were  chamfered,  so  that  they  could 
not  be  seen  when  a  sigiuil  was  being  observed.  On  the  face  of  the 
board  were  painted  a  series  of  black  12-inch  s(iuares,  with  their  diag- 
onals in  the  axis  of  the  board.  The  body  of  the  signal  was  painted 
white,  so  that  in  pointing  the  telescope  the  vertical  wire  would  bisect 
the  series  of  angles  made  by  the  squares. 

A  tapered  oaken  plug  was  bolted  to  the  foot  of  each  signal.  The 
axis  of  the  taper  plug  was  in  line  with  the  axis  of  the  signal.  The 
station  was  marked  by  a  cedar  post  set  in  the  ground,  with  its  top 
just  below  the  surface.  A  tapered  hole  was  bored  in  the  post  to 
receive  the  signal.  When  the  signal  was  thus  set  up,  it  was  securely 
guyed  to  avoid  motion  or  injur}'^  by  the  wind.  When  the  signals 
were  not  in  use,  the  holes  in  the  posts  were  stopped  by  oak  plugs 
made  for  the  purpose,  and  well  greased  with  tallow  to  keep  out  the 
water.  No  trouble  was  experienced  at  any  time  in  removing  the 
plugs  and  setting  the  signals. 

These  signals  were  used  on  sides  that  were  5  miles  long,  and  were 
plainly  seen  on  clear  days,  but  there  was  much  hazy  w^eather  and 
light  snow,  which  made  the  seeing  bad,  so  it  was  finally  decided  to 
work  at  night.  Six  tubular  lanterns,  with  parabolic  reflectors  and 
1-inch  flat  wicks,  were  procured  and  mounted  on  stakes  which  set 
in  the  station  posts  just  as  the  signal  boards  did.  The  center  of  the 
flame  was  plumbed  over  the  center  of  the  hole.  These  signals 
worked  very  well,  and  could  be  plainly  seen  6^  miles,  which  was  the 
length  of  the  longest  line. 

The  towers  were  each  80  feet  high,  and  were  built  of  rough  hemlock 
fastened  together  with  nails.  Each  tower  consisted  of  a  tripo^l  to 
support  the  instrument  and  a  staging  for  the  observer  and  recorder. 
The  staging  had  four  posts  placed  at  the  corners  of  a  12-foot  square. 
With  the  legs  of  the  tripod  there  were  in  all  7  posts.  Each  post  was 
built  up  of  2  by  4s  nailed  together  so  as  to  break  joints.  The  posts 
were  braced  with  boards,  1  by  <;  inches,  nailed  horizontally  and  diag- 
onally in  panels,  excepting  that  the  bottom  horizontal  braces  of  the 
tripod  were  2  by  4s.  The  staging  was  wholly  independent  of  the 
tripod,  so  that  no  jar  occasioned  by  the  wind  or  moving  on  the  stag- 
ing could  affect  the  instrument. 
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A  box  was  built  up  in  the  center  of  the  tower  to  protect  the  plumb 
bob  string  from  the  wind.  The  box  was  supported  entirelj'  by  the 
staging. 

At  one  corner  of  the  staging  a  ladder  was  built  to  give  access  to  the 
platform  at  tlie  top. 

The  legs  of  the  tripod  were  set  into  the  ground  about  18  inches,  and 
rested  on  large  flat  stones.  A  platform  was  built  on  the  bottom  of 
the  tripod  and  weighted  with  several  wagonloads  of  stone. 

Angles  were  read  successfully  from  the  towers  when  the  wind  blew 
so  hard  that  the  transit  box  was  blown  to  the  ground,  and  the  motion 
of  the  tower  was  never  so  great  that  the  motion  of  the  movable  head 
of  the  transit  was  not  sufficient  to  center  the  plumb  bob. 

The  board  on  which  the  transit  rested,  when  in  the  box,  was 
fastened  to  the  tripod  with  wood  screws,  and  a  hole  cut  in  the  center 
for  the  plumb  bob. 

The  station  posts  were  set  in  the  ground  after  the  towers  were  built 
so  as  to  avoid  any  difficulty  in  centering  the  tower. 

The  different  stations  were  all  referenced  before  reading  the  angles, 
so  that  if  disturbed  they  could  l)e  relocated  and  also  that  they  might 
be  readily  found  later  by  the  stadia  parties.  An  azimuth  was  also 
measured  to  some  local  object  or  stake,  so  that  the  stadia  parties  could 
readily  check  on  it  and  not  be  obliged  to  depend  on  a  sight  to  another 
triangulation  station. 

An  azimuth  observation  was  made  at  A  and  another  at  H„,  for  which 
the  azimuths  of  the  triangulation  lines  were  computed,  making  due 
allowance  for  convergence. 

The  bases  B9  Bn  and  Gs  H^  were  measured  by  the  base-line  party. 
The  conditions  were  favorable  for  good  measurements.  B,  and  Bn 
were  close  to  the  lake  at  about  the  elevation  of  tlie  water  surface. 
Gs  was  similarly  located,  but  H^  was  about  20  feet  from  the  shore  and 
3  feet  higher.  The  weather  was  mild  and  cloudy.  A  path  was  shov- 
eled, in  each  case,  along  the  ice,  and  the  tape  rested  in  snow  water;  so 
its  temperature  was  practically  constant.  The  tape  lengths  were 
marked  with  a  knife  blade  on  the  top  of  little  pine  pegs  driven  in  the 
ice,  holes  being  bored  with  an  auger  for  that  purpose.  Each  base  was 
measured  twice  in  opposite  directions  and  a  new  set  of  pegs  used  each 
time.  A  tension  of  12  pounds  was  applied  each  time  to  the  tape,  and 
the  pegs  were  lined  with  a  transit. 

After  correcting  for  tape  error  and  temperature,  the  measured 
lengths  of  GgHg  differed  by  tSW-  The  mean  corrected  length  was 
11,521.215,  and  the  proportional  errorwas  1  in  101,000.  For  B^Bn  the 
measured  lengths  differed  by  yf  0^.  The  mean  corrected  length  was 
6,429.480,  and  the  proportional  error  was  1  in  213,300. 

At  each  corner  of  a  quadrilateral  there  were  measured  the  angle 
formed  by  its  sides  and  the  two  angles  formed  by  the  sides  and  the  diag- 
onal.   There  were,  therefore,  12  angles  measured  in  each  quadrilateral, 
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and  since  there  were  6  quadrilaterals  and  3  trianjjles,  2  of  them  .small 
and  of  secondary  importance,  there  were,  in  all,  81  anj;les.  Each 
an<!:le  in  the  quadrilaterals  was  repeated  twenty-four  times,  and  if  for 
any  i-eason  a  set  of  readings  was  interrupted  l)efore  it  was  comijlete 
an  entire  new  set  of  twenty-four  was  made. 

Two  methods  of  pointinir  were  used,  the  fiist  being  a^s  loilows:  Let 
A  be  the  signal  to  the  left  and  B  the  signal  to  the  right;  then  with  the 
telescope  direct  point  on  A,  clamp  below,  read,  loosen  above,  point  on 
B,  clamp  above,  read,  loosen  below.  Perform  the  same  operation  six 
times,  save  that  the  reading  is  not  to  be  made  again  until  after  the 
sixth  pointing  on  B.  Then  without  disturbing  the  reading,  reverse 
the  telescope  and  make  six  pointings  on  A  and  B  as  before,  save  that 
no  reading  is  to  be  made  after  pointing  on  A  nor  until  after  the  sixth 
pointing  on  B. 

Next  loosen  the  plates  and  shift  them  so  that  the  readings  will  come 
on  a  different  part  of  the  limb.  Then  make  twelve  pointings  as  before, 
save  that  when  the  upper  plate  is  loose,  the  motion  should  be  from  B 
to  A.  The  operation  is  now,  point  on  B,  clamp  below,  read,  loosen 
above,  point  on  A,  clamp  above,  read,  loosen  below,  point  on  B,  and 
so  on.  Do  not  read  again  until  after  the  sixth  pointing  on  A  and 
again  after  the  twelfth  pointing  on  A. 

Both  verniers  were  always  used  when  making  a  reading. 

In  this  method,  while  a  set  of  twelve  repetitions  are  being  made,  the 
motion  of  the  upper  plate  on  the  lower  is  always  in  the  same  direction, 
and  any  slipping  has  a  cumulative  effect.  It  was  found  that  this 
method  gave  angles  a  trifle  too  small;  so  the  second  method  was 
adopted.  It  differs  from  the  first  only  in  that  the  second  six  repeti- 
tions are  made  from  B  to  A  instead  of  from  A  to  B.  Likewise  the 
third  and  fourth  sets  of  six  are  made  in  opposite  directions.  This 
method  eliminated  the  errors  due  to  slipping  and  produced  better 
results.  The  first  method  was  used  in  triangle  A  B,,  B,  and  the  two 
quadrilaterals  next  east  and  gave  values  a  little  too  small.  The  second 
method  was  used  in  the  remaining  quadrilaterals  and  gave  half  of  the 
values  too  small  and  half  of  them  too  large,  the  mean  being  more  nearly 
correct  than  in  the  former  case. 

The  quadrilaterals  and  triangles  all  closed  within  10  seconds,  save 
Bn  B,  C„  Cs  in  which  the  error  of  closure  was  15.8  seconds.  It  was 
not  considered  worth  while  to  try  to  reduce  the  error,  as  its  effect  would 
occasion  no  practical  inconvenience  or  injury  to  the  work. 

When  it  became  necessary  to  increase  the  force,  the  work  was  pros- 
ecuted by  one  party  at  night  and  by  the  other  in  the  daytime.  The 
night  party  occupied  the  stations  having  the  longest  sights  and  was 
able  to  .see  the  signals  without  difficulty. 

The  delays  due  to  wind,  snow,  and  mist  were  about  the  same  as  in 
the  daytime,  the  advantage  being  wholly  in  the  fact  that  the  night 
signals  could  be  seen  a  greater  distance. 
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D„  WHS  located  on  u  small  island  which  w^as  so  low  that  the  ice  cov- 
ered it.  There  was  some  motion  of  the  ice  during?  the  trianjrulation ;  so 
to  be  sure  of  the  position  of  the  station  the  angles  in  the  triangle  D,i  2„ 
3„  were  measured  thirteen  times,  while  T)  was  in  use.  T^'oi-tunately  no 
motion  occurred. 

The  quadrilaterals  were  adjusted  according  to  the  *'  Rigorous 
method,"  given  on  page  514  of  Johnson's  Theory  and  Practice  of  Sur- 
veying, thirteenth  edition.  The  spherical  excess,  being  less  than  1 
second,  was  not  considered, 

MAPPIX(i. 

The  survey  has  been  mapped  on  mounted  sheets,  the  size  of  which, 
inside  the  working  limit,  is  i*5  ])y  o7  inches.  East  of  Sand  Ridge  the 
survey  has  been  plotted  to  a  scale  of  1  in  5,000.  West  of  and  includ- 
ing a  portion  of  Sand  Ridge  the  surface  of  the  country  is  more  iri-eg- 
ular,  and  a  larger  scale  was  necessary  to  clearlj^  show  the  country ;  so 
it  was  mostly  plotted  on  a  scale  of  1  in  2,500. 

The  base  line,  stadia  circuits,  and  triangulation  have  been  plotted 
by  latitudes  and  dei)artures  and  the  courses  all  scaled  after  plotting. 
The  work  was  simi)lified  and  the  chances  for  error  lessened  by  mak- 
ing the  sides  of  the  sheets  parallel  to  the  meridians  and  the  top  of  the 
maps  toward  the  north.  This  plan  also  i)ermitted  a  sheet  to  be  laid 
out  at  any  time  on  any  j)art  of  the  survey,  because  the  latitude  and 
departure  yf  its  working  limits  could  gcnei-ally  be  fi\«^d  indc])en<leiit]y 
of  the  other  sheets. 

Contours  have  l)een  drawn  having  a  Acitical  interval  of  2  fe(>t,  save 
in  some  few  cases  where  it  seemed  improbable  that  the  country  might 
be  affected  bj'^  any  canal  location.  In  those  cases  a  10-foot  interval 
was  used. 

The  conventions  furnished  by  the  Board  have  been  followed 
throughout  the  work,  but  while  they  were  used  sufficiently  to  show 
clearly  the  topography  of  the  country,  care  has  been  exercised  to 
avoid  everytliing  in  that  line  not  wholly  necessary,  to  the  end  that 
the  maps  might  be  a  useful  medium  for  an  engineering  study  rather 
than  an  exhibition  of  artistic  skill. 

There  has  been  some  shrinkage  of  the  paper,  which  amounted,  on  a 
few  sheets,  to  one- tenth  of  an  inch  in  each  direction,  but  generally  it 
has  been  much  less.  It  has  occurred  generally  after  the  plotting  has 
been  done,  and  scalings  from  the  maps  may  be  corrected  so  as  to 
eliminate  its  effect.  The  method  of  laying  out  the  sheets  prevents 
any  cumulative  errors  due  to  this  cause. 

The  process  of  mapping  is  naturallj^  separated  into  two  principal 
divisions,  pencil  work  and  pen  work.  The  former  includes  plotting 
the  base  line,  triangulations,  and  stadia  circuits,  plotting  the  topogra- 
phy and  sketching  contours.  The  latter  includes  inking  the  figures, 
making  the  topographical  conventions,  drawing  contours  and  right 
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lines,  and  letterinj^:.     In  iiddition  to  these  there  is  cliecking  tlie  woi  k 
and  eleaninf;  the  slieets. 

In  doing  the  work  the  men  assigned  to  each  of  llics*;  .siilHlivisions 
liave  been  eontinned  long  enongli  on  one  class  of  work  to  acqnire  con- 
siderable skill,  so  that  a  good  degree  of  progress  conld  lj<>  made. 
For  instance,  in  sketching  contours  a  continued  imi)rovement  in  skill 
and  rapidity  was  observed  for  two  or  three  months  after  beginning. 

Some  parts  of  the  mai)ping,  such  as  sketcliing  contoui-s,  lettering, 
and  making  the  conventional  signs,  required  especial  skill  and  natural 
ability,  and  this  arrangement  jiermitted  the  execution  of  all  such  work 
by  the  men  who  were  best  fitted  for  it.  It  was  sometimes  necessary 
to  shift  the  men  from  one  part  to  another,  in  order  to  keep  the  work 
moving  forward  in  an  orderly  manner,  and  in  that  way  the  monotony 
of  the  work  was  varied  somewhat. 

This  method  of  mapping  has  several  advantages  which  were  well 
suited  to  the  situation.  In  the  first  place,  it  permits  the  use  of  a  num- 
ber of  engineers  who  ai-e  not  skilled  draftsmen,  and  many  of  the  men 
who  had  been  employed  on  the  survey  coidd  be  retained  for  work  on 
the  maps.  Moreover,  a  sufficient  number  of  skilled  draftsmen  to  do 
the  whole  work  was  hard  to  find,  and  had  they  been  found  would  have 
required  larger  salaries.  By  keeping  a  man  on  one  piece  of  work  for 
several  weeks,  as,  for  example,  plotting  the  base  line  and  stadia  cir- 
cuits, he  becomes  thoroughl}'^  familiar  with  it  and  is  much  less  liai>le 
to  make  errors  than  where  he  only  plots  the  lines  on  a  single  sheet  at 
a  time  and  then  takes  up  another  part  of  the  work.  There  is  a  natural 
tendency  among  men  to  interpret  notes  according  to  their  memory, 
and  while  it  is  trvie  that  some  men  have  excellent  memories,  it  was 
desired  to  secure  a  set  of  notes  which  were  not  dependent  upon  such 
assistance  and  to  know  that  the  plotting  was  done  in  strict  conformity 
thereto. 

With  this  method  the  work  was  so  divided  and  distributed  that  no 
one  had  a  chance  to  make  any  use  of  such  familiarity  with  the  topog- 
raphy as  he  may  have  gained  in  the  field,  and  if  the  notes  were  not 
clear  the  fact  was  ([uickly  discovered  and  steps  taken  to  remedy  tlie 
fault  and  guard  against  its  recurrence.  A  memorandum  book  for 
each  of  the  stadia  parties  was  kept  in  the  office,  and  in  it  were  recorded 
all  questions  or  doubts  wliich  arose  concerning  the  notes  taken  by 
that  party.  During  the  progress  of  the  survey,  when  all  the  notes  in 
one  field  book  had  been  plotted,  these  memoranda,  together  with  the 
field  book,  were  returned  to  the  party  in  the  field  which  had  taken 
the  notes,  and  tlie  proper  corrections  and  additions  made.  By  this 
means  the  stadia  parties  were  continually  posted  regarding  their 
weak  points  and  the  quality  of  their  work  improved.  The  plan  was 
so  successful  that  during  the  latter  half  of  the  survey  it  became  very 
unusual  to  find  in  the  notes  any  important  defects. 
H.  Doc.  149 32 
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This  method  also  secured  a  degree  of  uniformity  in  keeping  the 
notes  and  making  computations  that  could  have  been  attained  in  no 
other  way.  The  work,  in  fact,  was  reduced  to  a  sj'stem  and  was, 
therefore,  at  all  times  under  complete  control. 

The  principal  errors  guarded  against  in  the  mapping  Avere  sucli  as 
might  occur  in  plotting  the  stadia  readings  and  in  sketching  the 
contours.  In  order  to  eliminate  these,  after  the  contours  had  been 
sketched  the  maps  were  caref  uUj'  examined  by  men  who  gave  nearh' 
their  whole  time  to  that  work,  and  all  irregular  oi-  unusual  features, 
such  as  crooked  property  lines  or  peculiar  contours,  wei-e  investigated 
and  sometimes  replotted.  All  boring  notes  were  plotted  twice,  as 
their  importance  was  mudi  greater  than  that  of  single  contour  points 
and  it  was  imperative  that  they  should  be  correct.  The  nuips  were 
checked  immediately  after  the  contours  were  sketched  in  pencil,  and 
then  througliout  the  process  of  inking  a  close  Avatcli  was  kept  for 
errors  and  omissions. 

Another  part  of  the  office  work  consisted  of  figuring  the  latitudes 
and  dej)artures  and  adjusting  the  circuits,  checking  the  reduction  of 
stadia  readings,  and  extending  the  elevations  of  contour  points. 

Much  of  the  computing  that  had  been  done  in  the  field  was  refig- 
nred  in  the  office.  It  was  found  that  checking  which  had  been  done 
in  the  field  by  the  parties  who  took  the  notes  was  less  reliable  than 
that  done  in  the  office.  This  was  i)rol)ably  because  the  members  of 
the  field  parties  were  unable  to  do  as  good  work  in  the  evening  after 
an  active  day  in  the  field  as  were  the  office  men  who  did  no  other  work, 
and  also  because  they  were  so  familiar  with  the  notes  that  any  ei-ror 
was  more  readily  passed  over  and  repeated  than  where  the  checking 
was  done  by  men  who  were  using  the  notes  for  the  first  time.  It  has 
therefore  been  a  general  rule  on  the  survey  that  all  checking  of 
numerical  work,  as  well  as  drafting,  should  he  done  by  parties  who 
had  nothing  to  do  with  the  original  work. 

In  the  beginning  of  the  survey  the  field  work  was  cliecked  by  hav- 
ing each  party  plot  its  own  work  roughly  on  protractor  sheets.  At 
that  time  there  were  onl}'  two  stadia  parties  at  work.  Thej*  were 
located  very  near  together,  and  the  checking  was  fairly  well  done.  It 
was  found,  however,  that  to  do  the  work  thoroughlj'  would  require 
the  addition  of  a  draftsman  and  a  computer  to  each  party.  Even 
with  this  change  it  would  have  been  difficult  to  keep  the  checking 
close  up  to  date,  because  the  book  which  was  in  the  field  during  the 
day  was  always  needed  at  night  for  reducing  the  readings  and  com- 
pleting the  notes,  so  the  draftsman  either  had  to  be  a  whole  book 
behind  in  his  work  or  else  the  field  party  must  work  fii-st  in  one  l)ook 
and  then  in  another,  either  of  which  methods  was  objectionable. 

After  the  surve}'  had  l)een  in  jjrogress  for  a  time  it  was  decided  that 
since  working  maps  were  needed  they  could  as  well  be  made  by  the 
field  parties  instead  of  the  plotting  of  the  protractor  slieets,  thus  sav- 
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ing  some  lal)<)r  and  seoiiriiijL?  the  neeessaiy  clieck  (mi  Uk'  siii'vey  and  a 
coini)lete  set  of  working  maps  at  the  same  time. 

It  was  desirable  to  plot  the  base  line  on  these  working  maps  by  lati- 
tudes and  departures,  and,  as  they  must  be  figured,  it  beeame  con- 
venient to  cheek  tlie  stadia  circuits  by  figuring  their  latitudes  and 
departui'es  and  comparing  results  with  tliose  of  the  l)ase  line  at  the 
closing  station. 

The  method  pursued  thereafter  was,  therefore,  to  check  the  stadia 
circuits  by  latitudes  and  departures  immediately  when  closed ;  to  send 
a  book,  when  completed,  to  the  headquarters  of  the  survey,  where 
the  numerical  work  contained  therein  was  first  checked  and  the  notes 
then  plotted  and  errors  or  omissions  reported  back  to  the  field  for 
correction.  The  work  was  so  divided  among  the  stadia  parties  that 
each  party  could  remain  long  enough  in  one  locality-  to  fill  several 
books,  and  it  was  very  seldom  that  a  party  had  to  go  back  to  a  i^re- 
vious  location  to  look  up  errors. 

After  the  winter  work  on  Oneida  Lake  was  completed  the  force  was 
so  large,  numl>ering,  as  it  did  for  several  months,  nearly  100  men, 
and  the  work  was  so  scattered  that  it  would  have  been  impossible  to 
maintain  a  thorough  control  of  it  if  the  mapping  had  not  been  cen- 
tralized and  reduced  to  a  system  as  above  described. 

A  recoi-d  has  been  kept  of  the  amount  of  time  spent  on  the  different 
portions  of  the  drafting,  from  which  has  been  prepared  the  following 
statement  showing  the  percentage  of  the  total  labor  expended  on  each 
part : 

Per  cent. 

Plotting  base  line,  stadia  circuits,  and  ti-i angulation 5.4 

Plotting  topography 39. 9 

Sketching  contours 12. 1 

Che:"king  work. .   T 11.3 

Inking  elevations 6.1 

Inking  right  lines .  -  5.4 

Inking  contours . 4.4 

Inking  names  of  property  owners .. 5.1 

Inking  conventions,  station  numbers,  and  contour  elevations ;}.  5 

Lettering H.  6 

Cleaning 3.2 


Total 100.0 

These  percentages  are  based  upon  the  actual  time  spent  upon  the 
work,  and  have  nothing  to  do  with  its  cost,  since  the  salaries  of  the 
men  were  varied  according  to  skill,  experience,  and  the  position  which 
had  been  held  on  the  survey. 

Kespectfully  sul)mitted.  ALBERT  J.  HiMES, 

Assistant  Engineer. 

The  Board  of  Engineers  on  Deep  Waterways. 
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Appendix  No.  14. 

OSWEGO-MOHAWK  ROUTE,  EASTERN  DIVISION. 

Detroit,  Mich.,  October  17,  1899. 
Gentlemen:  I  have  the  honor  to  respectfully  submit  the  following 
report  on  the  Oswego-Mohawk  route,  generpJly  known  as  the  Oswego 
route,  eastern  division,  from  Herkimer,  N.  Y.,  to  the  Hudson  River 
at  Troy,  N.  Y. 

INSTRUCTIONS. 

Reference  is  hereto  made  to  Appendix  No.  9,  "  Instructions  for  sur- 
vey parties,"  as  issued  b}^  the  United  States  Board  of  Engineers  on 
Deep  Waterways,  as  governing  in  general  the  methods  of  work  pur- 
sued. As  the  result  of  experience  obtained  as  the  work  advanced,  I 
found  certain  modifications  of  detail  connected  with  these  instruc- 
tions advisable  on  this  division,  as  better  adapting  themselves  to  the 
conditions  existing  and  the  work  in  hand;  these,  with  the  methods 
pursued  and  results  ol)tained,  are  herewith  referred  to  in  this  report. 

ORGANIZATION. 

The  field  work  of  this  division  was  actively  begun  at  the  Hudson 
River  end  of  the  Oswego  route  in  October,  1897,  the  first  one-half  of 
the  month  being  occupied  in  the  organization  of  parties  and  general 
preparations  incident  to  the  beginning  of  the  work. 

A  level  ijarty  began  work  on  October  16,  a  transit  party  on  October 
19,  one  stadia  party  on  October  21,  and  another  on  October  28.  On 
December  1,  1897,  it  was  deemed  to  the  best  interest  of  the  work  to 
combine  the  transit  and  level  work  under  one  party,  and  during  the 
remainder  of  the  survej'  this  combined  work  was  done  by  the  former 
transit  party.     On  December  1,  1897,  a  sounding  party  was  organized. 

During  the  first  part  of  December,  1897,  the  necessary  outfit  and 
plant  for  a  boring  party  was  collected,  and  one  party  began  work  on 
December  21,  a  second  one  on  January  27,  1898,  and  a  third  one  about 
March  1. 

This  force  of  three  boring  parties  was  continued  until  the  latter 
part  of  July,  1898,  when  two  additional  parties  were  added,  and  on 
September  19,  1898,  a  sixth  party  was  organized.  This  force  was 
continued  until  the  completion  of  the  borings  to  Herkimer  and  from 
Herkimer  about  -4  miles  northwest  to  P^rankfort,  on  the  Oswego  route, 
westei-n  division,  to  which  point  they  were  completed  on  November 
18,  1898. 

METHODS    OF   WORK,  WITH    RESULTS    OBTAINED. 

Transit  work. — This  party  was  engaged  on  days  unfit  for  field  work 
in  the  reduction  of  notes  and  computation  of  coordinates  of  transit 
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stations,  which  were  sent  in  to  the  office  of  the  assistant  engineer  as 
fast  as  completed. 

As  a  general  cheek  on  the  results  of  the  transit  work  for  long  dis- 
tances connection  was  made  between  this  work  at  station  0.0  at  the 
Congress  Street  Bridge  and  a  New  York  State  triangulation  station 
there.  Connection  was  also  made  between  the  transit  line  and  the 
following  New  York  State  triangulation  stations  along  the  line  by 
intersections  on  the  same:  At  Amsterdam,  Roman  Catholic  Church 
spire;  at  Canajoharie,  Dutch  Reformed  Church;  at  Little  Falls,  Meth- 
odist Episcopal  Church ;  at  Herkimer,  Methodist  Episcopal  Church. 
The  coordinates  of  transit  stations  were  carried  continuously  through 
the  work,  corrections  being  applied  as  authorized  in  "Instructions 
for  survey  parties." 

The  "running"  error  between  observations  taken  ranged  from  00' 
35"  to  06'  20  ",  and  the  distances  between  observations  taken  from  5.7 
to  9.6  miles.  ^  A  transit  line  traverse  along  both  banks  of  the  Hud- 
son River  from  Troy  to  Waterford  showed  a  "running"  error  in 
azimuth  of  01'  30"  and  an  error  in  latitude  of  0.15  feet  and  in  depar- 
ture of  0.59  feet.  The  general  direction  of  this  traverse  was  north 
and  south.  Another  transit  line  traverse  near  here  of  about  3|  miles 
showed  an  error  in  azimuth  of  02'  and  in  latitude  of  3.75  feet  and  in 
departure  of  3.82  feet. 

The  following  table  shows  the  comparison  between  the  transit  work 
and  that  of  the  New  York  State  triangulation.  The  latter  is  assumed 
to  be  correct,  but  it  must  be  remembered,  in  reviewing  this  compari- 
son, that  the  coordinates  of  these  triangulation  stations  are  given  to 
the  third  decimal  place  in  seconds;  also  that  the  value  of  1"  of  lati- 
tude, as  measured  on  the  meridional  arc  at  42°  of  latitude,  is  about  101 
feet,  and  1"  of  longitude,  as  measured  along  the  parallel  at  42°  of 
latitude,  is  about  75  feet. 


Place. 


From- 


To- 


Congress  Street  Bridge.   Amsterdam 
Do Herkimer... 


Difference  Difference    Error  in   | 

in  lati         in  longi-   i    transit    ' 

tude  (Newtude  (New:  line  Uati-  ! 

York  State  York  State  tude-long- 

survey).  ;   survey),      gitude).   i 


Feet. 


Propor- 
tion of 
error  to 
distance. 


The  proportion  of  error  to  distance  is  obtained  by  finding  the 
hypothenuse  of  a  right-angled  triangle  from  the  latitude  and  longitude 
as  base  and  heiglit,  respectively,  divided  into  the  total  distance  and 
expressed  as  a  fraction. 


'  The  average  running  error  for  14  observations  was:  "  Running  "  eiTor  02  30  , 
distance  6.3  miles. 
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Level  work. — For  the  first  20  miles  of  this  work  from  the  Hudson 
River  end  Philadelphia  level  rods  were  used. 

For  the  remainder  of  the  work,  two  rods  specially  made  to  order 
were  used.  These  rods  were  made  of  white  pine,  paraffined  in  about 
one-fourth  of  an  inch,  in  one  length  of  10  feet  7f  inches  over  all,  read- 
ing to  10  feet.  They  were  graduated  on  the  face  to  feet,  tenths,  and 
hundredths,  with  vernier  reading  to  thousandths.  On  the  back  of 
each  rod  a  round  folding  plumbing  level  was  attached. 

The  target  was  square,  4  inches  high  by  5^  inches  wide,  with  black 
enameled  face,  with  a  vertical  white  enamel  strip  one-fourth  inch 
wide  through  the  center,  and  two  narrow,  horizontal  white  enamel 
strips,  each  tapering  from  the  outside  edges  of  the  target  to  the  cen- 
ters, these  white  strips  being  one-fourth  inch  at  outside  and  about 
one-sixteenth  at  center. 

The  target  was  moved  up  and  down  by  an  endless  steel  tape  one- 
fourth  inch  wide,  attached  to  top  and  bottom  of  target  with  screws  to 
regulate  tension  of  the  same  and  passing  over  pulleys  set  flush  in  the 
rod  near  the  top  and  bottom.  The  target  vernier  was  arranged  so 
that  it  could  be  pressed  down  flat  on  the  face  of  the  rod  by  a  spring, 
enabling  more  accurate  reading  of  the  vernier. 

The  accompanying  sketch  shows  a  front  view  and  cross  section  of 
these  rods,  also  the  steel  pins  used  for  turning  points.  These  were 
driven  firmly  in  the  ground  by  a  wooden  mall. 

The  advantages  of  the  rods  and  turning  i^oints  used  are,  briefly 
stated,  less  liability  of  the  rod  to  change  of  lengtli  through  influences 
of  moisture,  no  risk  of  rod  slipping  as  in  use  of  sliding  rod,  exact 
graduation  of  the  same,  no  risk  from  rod  being  held  at  different  eleva- 
tion for  fore  and  back  sight,  and  the  target  arrangement  enabling  a 
more  exact  setting  and  reading  of  the  same.  All  of  which  are  essential 
points  for  obtaining  good  results. 

Duplicate  levels  were  run  in  opposite  directions  and  the  instrument 
shaded  by  an  umbrella  from  the  rays  of  the  sun  during  hot  weather. 
Immediately  after  the  back  sight  to  obtain  height  of  instrument,  the 
forward  sight  was  taken  on  the  next  turning  point,  thus  minimizing 
risk  of  instrument  settling. 

The  limit  of  error  between  duplicate  level  lines  per  "Instructions 
for  survey  j)arties,"  as  issued  by  the  United  States  Board  of  Engi- 
neers on  Deep  Waterways,  was  0.05  \/distanCe  in  miles.  The  0.05  in 
this  formula  will  be  referred  to  as  C  in  the  following  remarks. 

The  elevation  of  68  bench  marks  were  determined  between  Congress 
Street  Bridge  at  Troj%  and  Herkimer,  the  distance  by  the  transit  line 
being  about  88  miles. 

The  mean  elevation  of  the  two  lines,  run  in  opposite  directions,  was 
used  as  the  adopted  elevation  of  the  bench  mark. 

The  maximum  value  obtained  of  C  for  lines  between  consecutive 
board  measurements  was  0.035  for  l.OO  miles;  the  minimum,  0.001  for 
0.93  miles,  and  the  average,  0.0115  for  88  miles. 


Level  Rod 


Froat    View 


Side  View 


'bkass  PuLLtr 


H.T.F. 
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The  niaxiiniim  value  of  C  for  lim-s  from  the  origin  was  ().()l>l*  for 
1S.-2U  inilos;  iiiiiiiniuni,  0.001  for  .5.86  niiles;  average,  O.OO'J  for  HS  miles. 

The  following  values  of  C  were  obtained  at  distance.s  stated  from 
origin.  These  values  being  selected  at  random:  0.018  at  :i0.81  miles, 
O.OO:}  at  .■}'.». 5:}  miles,  0.004  at  00.90  miles,  0.002  at  87.80  miles. 

Buff  tfe  LJerger  level  No.  2052  was  used  on  the  work.  It  is  but  just 
to  say  this  line  of  level  was  run  for  the  most  part  over  level  stretches, 
following  the  transit  line  along  railroads,  roads,  and  the  Erie  Canal 
towpath,  the  total  difference  in  level  between  the  orii^in  and  Ihe 
end  of  line  at  Herkimer  being  about  367  feet. 

Stadia  work. — The  best  and  most  satisfactory  results  were  obtained 
on  this  division  under  the  foUowing  organization  of  a  stadia  party: 
One  in  charge  to  sketch  and  direct  party,  one  observer,  one  rec<n'der, 
four  rodmen  or  stadiamen. 

There  are  certain  advocates  of  the  plan  that  with  a  liberal  amount 
of  contour  points  taken  and  location  by  shots  made  of  existing  fea- 
tures, natural  and  artificial,  the  time  taken  in  making  sketches  in 
the  field  is  largely  time  wasted.  This  supposition,  I  believe,  in  actual 
practice  will  be  found  to  be  theoretically  correct  only. 

My  experience  convinces  me  that  an  absolutely  indispensabh-nMpii- 
site  to  a  correct  representation  of  the  topographic  features  of  a  section, 
when  reduced  to  a  drawing,  is  a  full,  clear,  and  complete  sketch,  not 
necessarily  to  .scale,  of  the  relative  positions  of  the  several  points 
located  and  the  topography  intervening,  accompanying  the  notes  and 
made  on  the  ground  while  the  survey  is  in  progress.  This  statement 
I  mean  to  apply  regardless  of  the  number  of  shots  taken  or  locations 
made.  Whether  the  notes  are  to  be  platted  by  the  party  or  parties 
taking  the  same,  which  I  beliave  to  be  preferable,  or  by  other  i)arties 
unfamiliar  with  the  localitj',  the  sketch  is  of  inestinuible  value  t<>  a 
correct  interi)i-etation  of  the  notes,  however  clear  thej'  may  be. 

In  actual  practice  I  have  found  that  two  intelligent  persons  engag«'d 
on  the  same  survey  will,  with  all  the  points  taken  in  the  field  platted 
on  a  map,  in  the  absence  of  sketches,  misrepresent,  each  to  a  marked 
degree  of  difference,  the  facts  as  they  exist. 

A  sketch,  however  crude  it  may  be,  is  a  transmission  to  paper  of 
the  impression  of  the  ground  and  its  features  as  made  on  the  nund  of 
the  observer  with  the  features  spread  out  before  him,  and  is  of  more 
value  than  anything  else  in  recalling  these  features  and  eoi-rectly 
drawing  them  on  the  maps  at  some  future  time.  It  also  acts  as  a 
check  on  the  accuracy  of  the  readings  for  position  and  elevation.  It 
enables  not  only  those  engaged  on  the  survey,  but  others  not  familiar 
with  the  same,  whose  duties  it  may  be  to  plat  the  notes,  to  more 
(piickly  and  accurately  draw  the  maps. 

While  the  governing  conditions  may  not  always  he  such  that  the 
notes  taken  in  the  field  can  be  platted  and  drawn  by  the  parties  Xak.- 
ing  tht' sMiiit',  yt't    t])..  H'-ai-'xi    MMO»-nfi<'b   ^'^  \h\<..  mjhI   the  sooium- th^v 
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can  be  drawn  after  lieing  taken  in  the  field,  is  believed  to  be  the  best 
practice. 

The  above  observations  are  indnl^ed  in  as  inflnencinj;  the  methods 
of  work  as  pursued  on  this  division,  and  also  for  what  use  they  may 
be  to  the  engineering  profession,  and  it  is  this  last  consideration  that 
may  prompt  a  brief  discussion  of  certain  methods,  although  not 
wholly  pertinent  to  this  report. 

In  the  above  organization  of  a  stadia  party,  the  man  in  charge 
directed  the  work  and  made  all  sketches  of  the  area  being  surveyed, 
being  at  liberty  to  follow  the  rodmen  where  he  deemed  it  best  to  more 
accurately  sketch  at  close  range.  He  identified  this  sketch  with  the 
recorder's  notes  by  similar  numbers  f^)r  shots  taken,  checking  up  these 
numbers  with  him  at  intervals. 

The  observer  ran  the  instrument  and  took  all  observations,  having 
a  code  of  signals  for  each  rodman. 

The  recorder  recorded  all  readings,  noting,  under  remarks,  the 
character  of  the  shot  taken — whether  a  contour  point,  a  fence  corner, 
stream,  ditch,  river  bank,  or  corner  of  a  building,  etc.,  abbreviations 
for  these  being  used  and  an  index  of  the  same  recorded  in  the  note- 
books. 

Just  here  I  would  state  that  no  recorder,  however  quick  he  may  be,  can 
with  a  rapid  observer  do  more  than  actually  record  for  two  or  three 
good  rodmen  or  stadiamen,  and  at  times  to  do  even  this  he  is  crowded 
for  time,  and  his  attention  is  wholly  absorbed  thei'ewith,  to  the  exclu- 
sion of  any  time  to  make  sketches.  He  is  compelled  to  remain  at  the 
instrument,  and,  even  if  time  were  available,  sketclies  made  by  him 
at  long  range  would  be  useless,  as  probably  misleading  instead  of 
aiding.  Three  rodmen  or  stadiamen  were  generally  emploj^ed  in  the 
field,  and  the  fourth  one  when  occasion  required.  These  men  briefly 
noted,  when  necessarj-,  either  in  a  book  or  on  a  slip  of  paper,  on  the 
back  of  their  rods  the  character  of  the  location  held  at,  or,  if  covering 
a  section  of  less  importance  as  to  detail  or  inaccessible  to  the  man 
sketching,  they  made  a  sketch  connecting  the  points  taken. 

The  fourth  rodman  was  employed  the  greater  portion  of  the  time  in 
the  office  where  the  temporarj-  headquarters  of  the  party  were  located. 

The  map  sheets  were  furnished  the  stadia  parties  from  the  office  of 
the  assistant  engineer,  with  the  coordinates  laid  off  and  the  base  line 
platted  from  these  coordinates  on  the  same. 

The  stadia  parties  were  engaged,  on  days  when  the  weather  pre- 
vented fieldwork,  in  the  reduction  of  notes  and  platting  all  shots 
taken  in  pencil  and  drawing  in  all  natural  and  artificial  features,  the 
rodman  in  the  office  prosecuting  this  work  alone  when  the  party  was 
in  the  field.  In  this  waj',  all  office  work  was  kept  fairly  close  w]) 
with  the  fieldwork,  and  any  corrections  necessary  or  additional  data 
needed  could  be  at  once  supplied. 

As  soon  as  these  sheets  were  completed  they  were  sent  in  to  the 
office  of  the  assistant  engineer. 
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There  are  those  who,  generally  siieaking,  have  ne^'er  used,  to  any 
great  extent,  improved  stadia  methods,  who  seriously  question  the 
accuracy  of  the  same  to  the  extent  of  its  usefulness  for  surveys  of 
this  nature  and  general  preliminary  surveys. 

It  is  believed  a  thorough  appreciation  of  the  excellent  results  attain- 
able with  properly  graduated  rods  and  ordinary  refined  methods  would 
lead  to  its  more  general  adoption,  and  enable  preliminary  surveys 
and  examinations  for  contemplated  works  to  be  made  at  a  large  sav- 
ing of  time  and  expense.  It  is  with  a  view  to  this  that  the  following 
results  of  stadia  work,  as  found  on  this  division,  are  given. 

In  the  early  stages  of  this  work,  when  the  organization  was  Ijeiiig 
perfected  and  the  parties  trained  to  the  adoption  of  the  best  methods 
for  the  prevention  and  elimination  of  errors,  more  likely  to  occur  at 
the  beginning  of  surveys  of  such  an  extended  nature,  the  transit  line 
as  measured  by  steel  tape  and  leveled  with  Y-level,  was  retraced  with 
a  stadia  line,  each  transit  station  being  occupied  and  a  forwai-d  and 
back  reading  being  taken  in  each  case  for  distance  and  vertical  angle, 
the  mean  of  the  two  being  taken  as  the  correct  result. 

These  distances  and  elevations,  as  obtained  by  stadia,  were  caiTied 
continuously  over  the  distance  given,  and  offer  an  interesting  and 
instructive  lesson,  by  direct  comparison,  as  to  the  excellence  attain- 
able by  stadia  methods,  compared  with  careful  transit  work  with  steel 
tape  and  Y-levels.  About  one-half  of  this  line  was  along  the  tow- 
path  of  the  Erie  Canal,  and  the  other  half  across  countiy.  The  work 
was  done  in  the  month  of  December.  I  do  not  believe  quite  as  favor- 
able results  could  be  depended  upon  if  the  weather  was  warm  and  the 
air  "boiling."     The  table  of  comparison  follows: 

Table  No.  1. — Comparison  of  stadia  and  base  line  icork  deduced  from  the  reloca- 
tion by  stadia  of  the  base  line  for  a  distance  of  5.6  miles. 


Station 

as  per 

transit 

line. 

station  a.s  '.^g^^^^^of'     Azimuth 
""^-         1  (+or-).  1         ""*^- 

Azimuth 

by  stadia 

line. 

Elevation 
by  level. 

Elevation 
l)y  stadia. 

Error  of 
stadia 
levels 

( +  or  - ). 

Feet. 
162+37.89 

Feet. 

Feet. 

0          ,         . 

c         ,         . 

Feet. 

'Feet. 

Feet. 

165  +56. 68 

165 +5«).  7 
168+89. 1 
173+2ti.3 
182+:?6.3 
185  +  76.2 
189+.')1.7 
200+25.6 
207+84.9 
211+60.1 
217+70.7 
224+0:1.2 
224+75.7 
22t)+62.8 
2:iii  +  i:i.8 
2:$.>t47.4 
24.U(N».9 
25:1  +  22.0 
2.17+47.6 
2(i7+O0.7 
2(.9+ft2.2 

98    16    00 
108    34    00 
167    10    00 
158    39    30 

138  12    Ot 
155    52    3o 
140    50    :k» 

139  11    00 
133    12    ai 
150    03    ;» 
153    43    30 

'143    13    00 

98    16    00 
108    ;fi    15 
167    11     15 

158  40    15 

138  13    00 
155    52    15 
140    50    00 

139  10    30 
123    12    00 
1.50    03    30 
153    43    30 
142    09    45 
186    56    OO 
174    46    30 
161     45    15 
170    12    00 
150    16    45 
120    ;i7    15 

159  17    30 
LlJt    2:?    15 

95.10 
98.42 
90.32 
104.  95 
12:1.86 
1:16.52 
142.  70 
165.41 
155.63 
154.73 
164.44 

95.10 

98.38 
510. 31 
104.  '.«> 

12:1. 87 
i:i6.tio 

142. 84 
165.  (U 
155.84 
154. 82 
164.52 

168+87.93 
173+26.60 
182+37.06 
185+77.10 
189+5;}.  40 
200+3!).  18 
207+88.34 
2n+t>4.40 
217+74.67 
224+08.30 
224+,^).9it 

+  i.2 

-  0.3 

-  0.8 

-  0.9 

-  1.7 

-  3.6 

-  3.4 

-  4.3 

-  4.0 

-  5.1 

-  5.3 

—  0.04 

—  0.01 
+  0.04 
+  (t.01 
+  0.  (« 
+  !l.  14 

H  0. 23 
+  (t.21 
+  0.09 
+  0.(« 

22n^ti6.60 
2:{(i^l7.25t 
2:56 +.52. 67 
24:]+06. 16 
35:i+;«.99 
2i-)7+58.;}5 
267  +  13.73 
270+06.33 

—  3.8     "186    58    00 

—  3  5       174    47    30 

—  5.3       161    46    30 

—  5.3       170    13    :10 

—  i;j.O  !     I.tO    18    30 

—  10.7       120    39    m 

—  13.0       159    20    00 

—  14.1     M:flt    25    ;>o 

154. 5«l 
154.37 
154. 86 
156.  tt' 
155. 95 
190.21 
191.85 
1!»2.  S! 

154.57 
154.32 
1.54. »» 
1.5,5. 78 
155.  78 
190. 2:j 

191.  ♦»» 

192.  :?1 

+  0.01 
—0.05 
—0.17 
—0.24 
-0. 17 
+  |'.<B 
-ti.l6 
—0.55 

•  Azimuth  start  together  again  from  here. 
'  These  azimuths  are  cut  out  from  the  base  line. 

^Difference  here  is  due  to  tlie  ba.se  line  point  being  oniisuubl)ingi»>st.     Hoight  <>t  instrument 
estimated. 
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Table  No.  1. — Comparison  of  stadia  and  base  line  work  reduced  from  the  reloca- 
tion by  stadia  of  the  base  line  for  a  distance  of  5.6  miles — Continued. 


station 

as  per 

transit 

line. 

Station  as 

per  stadia 

line. 

Error  in 
distance  of 
stadia  line 

(+or-). 

Azimuth 

by  transit 

line. 

Azimuth 

by  stadia 

line. 

Elevation 
by  level. 

Elevation 
by  stadia. 

Error  of 
.stadia 
levels 

(+  or-). 

Feet. 

Feet. 

Feet. 

, 

/ 

o 

, 

. 

Feet. 

Feet. 

Feet. 

276+16.07 

276+01.  7 

—  14.4 

I'M 

.31 

OO 

120 

29 

00 

190.99 

190.90 

—0.09 

284+41.93 

284+29.1 

-12.8 

146 

01 

30 

145 

59 

30 

1«).  t)8 

190. 67 

—  0.01 

289  +  68.83 

289+57.9 

—  10.9 

163 

.59 

30 

163 

.58 

15 

19().:3!t 

190. 57 

+  0.12 

292  +  65.18 

292+54.4 

—10.8 

i:36 

31 

00 

i;36 

3(J 

30 

W\.:iA 

190.26 

—  0.07 

297+69.65 

297+60.2 

-  9.4 

125 

;35 

30 

125 

:34 

45 

190. 31 

190. 11 

—0.20 

301+99.41 

301+90.7 

-  8.7 

1.52 

07 

00 

1.52 

06 

15 

191.28 

191.08 

-0.20 

313  +  10.28 

313+03. 7 

-  8.6 

183 

00 

30 

182 

.59 

45 

191.22 

191.25 

+0.03 

322+.57.21 

322+50.9 

-  6.3 

178 

44 

00 

178 

43 

00 

191. 4t) 

191.. 58 

+0.12 

326+71.22 

326+63.4 

-  7.8 

165 

37 

00 

165 

36 

00 

189. 85 

190.02 

+0.17 

332+04.44 

1331+94.9 

-  9.5 

144 

31 

00 

144 

29 

45 

191.  81 

191.95 

+0. 14 

342+11.26 

342+00.0 

-11.3 

137 

27 

00 

137 

25 

00 

189.74 

189.  79 

+0.05 

345+84.25 

345+72.1 

-12.2 

172 

32 

30 

172 

.30 

30 

190. 60 

190. 59 

-0.01 

aT6+46.47 

,3.56+32.6 

-13. 9 

179 

05 

30 

179 

03 

(X) 

192. 10 

192. 07 

-0.03 

361+80.69 

3()l+66.3 

-13.4 

163 

35 

:30 

163 

32 

45 

195. 65 

195.  75 

+0.10 

366+3;}.  .37 

366+17.8 

-1.5.6 

6:3 

57 

00 

ti3 

.54 

15 

183. 60 

183  74 

+0.14 

375+32.27 

375+17.4 

-14.7 

78 

49 

30 

78 

46 

45 

178.  .56 

178.50 

-0.06 

378+32.63 

378+17.5 

-15.1 

85 

52 

30 

85 

49 

30 

ia3. 49 

18:3.  .56 

+0. 07 

388  +  44.34 

388+31.5 

-12.8 

31 

36 

30 

31 

33 

;30 

192.5:3 

192.  79 

+0.26 

392  +  82.07 

392+68.8 

-13.3 

26 

3.5 

30 

26 

32 

15 

181.  4tJ 

181. 72 

+0.26 

404+77.12 

404+ti5.1 

-12.0 

15 

01 

00 

14 

.58 

00 

175.74 

176.09 

+0.35 

410+88.  ft5 

410+7.5.8 

-12. 8 

3.52 

04 

00 

a52 

01 

00 

179. 17 

179.46 

+0.29 

423+62.13 

423+47. 5 

-14.6 

28 

49 

30 

28 

46 

45 

180. 20 

180.59 

+0..39 

427+47.82 

427+32.3 

-1.5.5 

38 

18 

30 

38 

15 

45 

186.70 

187. 11 

+0.41 

431+88.25 

431+72.0 

-16.2 

30 

36 

.30 

30 

34 

15 

178. 26 

178.54 

+0.28 

437+69.49 

437 +.52. 3 

-17.2 

44 

42 

00 

44 

40 

15 

177. 05 

177.  :3t) 

+o.:31 

4U+89.92 

441+72.6 

-17.3 

46 

49 

00 

46 

47 

30 

193. 62 

\m.  96 

+o.:34 

445+H2.97 

445+65.3 

-17.7 

37 

.56 

30 

37 

55 

45 

215. 91 

216. 22 

+0.31 

448+&5.65 

448+47.6 

-18.0 

43 

53 

30 

43 

53 

15 

190. 60 

190.95 

+o.:35 

454  +  17.49 

453+98.7 

-18.8 

14 

02 

00 

14 

02 

30 

187. 29 

187.67 

+0.38 

458+17,33 

457+98.4 

-18.9 

15 

22 

15 

15 

23 

15 

178.  .57 

1T9.06 

+0.49 

.V  luiniber  of  stadia  circuits  were  run  during  the  progress  of  the 
work  along"  the  entire  line  under  many  varying  conditions  as  to  tem- 
perature, wind,  and  cliaracter  of  ground  pas.sed  over.  To  attempt  to 
give  a  comj)lete  list  of  them,  with  the  varying  conditions  under  which 
they  were  run,  would  consume  more  time  and  space  than  the  object 
in  view  would  justif}'. 

Some  of  these  circuits  of  various  lengths  began  with  and  closed  back 
on  transit  or  stadia  stations,  others  beginning  with  and  closing  on 
stadia  stations  of  previous  circuits.  The  general  results  following 
are  selected  at  random  as  samples  of  the  work  of  this  kind. 

Sixteen  circuits  as  run  by  one  of  the  stadia  parties  during  the  ])eriod 
from  May  to  October,  1898,  gave  the  following  results: 

Average  length  of  circuits . .   12,36(5  feet. 

Average  number  of  stations  occupied 17. 

Average  running  error  in  azimuth 01'  49  . 

Average  error  in  elevation 0.20  foot. 

Average  error  in  circuit. 1  in  1.783  feet. 

Maximum  error  in  circuit 1  in  790  feet. 

Minimum  error  in  circuit 1  in  3,400  feet. 

Thirty-five  circuits  as  run  by  another  stadia  party  between  October, 
1897,  and  April,  1898,  show: 

Average  length  of  circuits ". 5,3.56  feet. 

Average  number  of  stations  occupied ^ .-  11. 

Average  running  error  in  azimuth —  01  32  '. 
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Average  error  in  elevation 0.47  foot. 

Average  error  in  circuit .  1  in  1  .4Un  teet. 

Maximum  error  in  circuit 1  in  muI  feet. 

Minimiam  error  in  circuit 1  In  4,096  feet. 

Forty-four  circuits  as  run  between  April  and  July,  189S,  show: 

Average  length  of  circuits ..  7.384  feet. 

Average  number  of  stations  occupied 12. 

Average  running  error  in  azimurh 01  '.i2  . 

AverMge  error  in  elevation 0.35  foot. 

Average  error  in  circuit  - 1  in  1 .832  feet. 

Maximum  error  in  circuit I  in  700  feet. 

M  iniinum  error  in  circuit  .   _ 1  in  4.244  feet. 

The  aljove  are  results  of  average  work  under  usual  conditions  met 
with  and  can  be  duplicated  under  same  conditions.  Results  larjjely 
in  excess  of  these  as  to  accuracy  of  distance  were  accomplished,  but 
are  not  ji^iven  here,  as  they  are  not  considered  fair  averages  of  what 
can  be  accomplished.  The  error  in  the  circuit,  as  given,  is  found  by 
dividing  the  length  of  the  hypothenuse  of  a  right-angle  triangle,  as 
obtained  from  the  closing  error  in  latitude  and  departure,  into  the 
length  of  the  stadia  portion  only  of  the  circuit,  the  length  of  transit 
line,  if  any,  not  being  included  in  the  length  of  circuit. 

In  stadia  work  it  will  be  found  many  observei's  have  a  "personal 
error;"  tliat  is,  a  tendency  to  read  all  distances  either  somewhat 
longer  or  shorter  than  they  really  are. 

Very  long  sights,  work  done  when  the  air  is  "boiling"  or  during 
high  wind,  or  lines  run  over  areas  in  which  high  vertical  angles  occur, 
all  tend  to  decrea.se  the  accuracy  of  stadia  work,  but  as  all  these  con- 
ditions are  met  with  the  results  given  embody  them. 

Soundings. — Soundings  were  generally  made  by  stretching  a  line, 
tagged  at  25-foot  intervals,  acro.ss  the  river  between  range  stakes  set 
opposite  on  each  bank. 

These  range  stakes  were  set  either  bj^  the  sounding  party  in  advance 
of  the  soundings,  or  by  the  stadia  parties,  as  found  most  convenient. 
Soundings  were  taken  with  a  line  or  rod,  depending  upon  the  depth 
of  the  water.  Where  the  river  was  of  such  width  as  to  render  the  use 
of  the  line  impracticable,  time  soundings  or  intfM'scctioiis,  or  ,-i  combi- 
nation of  both,  were  used. 

Borings. — Three  diffei'ent  styles  of  boring  machines  were  used  on 
this  division  during  the  progress  of  the  work,  and  a  fourth  one,  dif- 
ferent from  each  of  the  others,  for  a  short  time  during  its  last  stages. 

The  first  machine  used  was  a  "Pierce  well-boring  machine."  Ref- 
erence is  made  to  the  maker's  catalogue  for  a  description.  The  addi- 
tional machines  used  were  built  on  this  work,  except  the  Sullivan 
machine.  They  were  in  two  styles,  both  of  wood,  an<l  of  cheap  con- 
struction, but  rendered  excellent  service. 

One  style  was  a  simple  tripod,  with  pulley  at  the  top  and  a  roj;e 
passing  over  the  .same,  to  om>  end  of  which  either  a   large  wooden 


508  DEEP    WATERWAYS. 

maul  was  attached  for  driving  the  casing,  or  else  the  drill  rods  for 
washing  out  the  same.  AVitli  the  other  end  of  the  rope  one  or  two 
men  raised  the  maul  or  drill  rods.  The  other  style  was  in  construc- 
tion similar  to  a  small  pile  driver,  with  a  base  of  about  4  feet  between 
foot  of  leads  and  brace  and  extending  out  about  2^  feet  in  front  of 
the  leads.  It  was  about  15  feet  in  height,  witli  leads  protected  by 
thin  iron  strips,  in  which  an  iron  hammer,  with  a  hollow  in  bottom 
for  wooden  cushion,  was  moved  up  and  down  by  a  rope  attached  to 
and  passing  over  an  8-inch  pulley  at  the  top. 

Another  pulley  set  in  a  bracket  just  in  front  of  the  leads  at  the  top 
was  used  to  pass  a  rope  over,  to  which  the  drill  rods  were  attached. 

The  iron  hammer  weighed  on  one  machine  about  160  pounds  and 
on  the  other  about  180  pounds,  and  was  used  for  driving  the  casing, 
the  machine  being  slipped  back  about  18  inches  bj'  a  bar  when  drill- 
ing was  in  progress.  The  macliine  was  guj-ed  by  two  ropes  attached 
to  the  top  and  fastened  to  iron  pins  driven  in  the  ground. 

This  machine,  with  all  the  tools,  could  be  loaded  on  a  two-horse 
■wagon  in  about  fifteen  minutes,  and  could  be  set  up  ready  for  work 
in  about  the  same  time.  It  rendered  effective  service,  especially  when 
the  casing  was  hard  to  drive  and  the  holes  deep.  The  casing  was  2^ 
inches  in  diameter,  extra  heavy,  in  lengths  of  2|  to  5  feet,  with 
couplings. 

Generally,  hollow  drill  rods,  three-fourths  inch  in  diameter,  in  5 
and  10  foot  lengths,  were  used. 

Where  rock  was  penetrated  or  tested,  solid  steel  drill  rods  1^  inches 
in  diameter,  in  10-foot  lengths,  with  male  and  female  screw  couplings, 
were  used. 

Either  flat-pointed  hj^draulic  bits  with  2-inch  blade  or  X  chopping 
bits  were  attached  to  drill  rods. 

Douglas  &  Gould  force  pumps  were  both  iised  on  the  work  for 
forcing  water  from  barrels  or  streams  near  by  to  the  bottom  of  the 
borings  through  the  hollow  drill  rods  as  they  were  churned  up  and 
down,  the  overflow  from  the  casing  j)ipe  being  caught  in  buckets  and 
the  material,  after  settlement,  preserved  in  sample  bottles  for  that 
purpose. 

A  sample  was  preserved  at  each  change  of  material  and  samples 
taken  dry,  w'hen  necessary,  by  forcing  down  a  hollow  pipe  into  the 
material,  the  elevation  above  datum  and  the  depth  of  each  material 
being  recorded  on  labels  on  the  bottles. 

"Where  extra  hard  materials  or  bowlders  or  cobblestones  were  encoun- 
tered and  the  casing  could  not  be  driven,  it  was  raised  up  3  or  4  feet, 
and  from  one  to  four  sticks  of  powder  let  down  and  fired  with  a  bat- 
terj^  to  loosen  up  the  same. 

In  severe  winter  weather  portable  houses,  about  8  by  12  feet,  Avere 
used,  in  which  a  stove  was  placed  to  heat  water  in  times  of  freezing. 
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River  borings  were  made  by  placing  either  the  "Pierce"  or  a  tripod 
macliine  on  a  catamaran  ancliorcd  in  th»*  river. 

The  casing  pipe  was  pulled  elllu'r  by  a  long  wooden  lever  and  chain, 
or  by  screw  jacks,  depending  upon  the  ditticulties  encountered. 

The  moves  between  l>orings  were  made  by  teams  when  practicable, 
01-  as  near  to  the  point  as  possible. 

In  numerous  instances  the  machines  and  outfit  had  to  be  carried 
b}-  hand  to  places  inaccessible  to  teams.  In  this  case  two  gangs  were 
doubled  up  for  the  moving  Avhen  necessary. 

Two  Sullivan  machines  were  used  for  about  one  month  during  the 
last  part  of  the  work,  one  on  laud  and  one  on  river  borings. 

The  method  used  with  these  machines  is,  briefly  speaking,  the 
working  down  of  2^-inch  flush-joint  casing  pipe  by  a  constant  twist- 
ing of  the  same  with  pipe  tongs,  and  at  the  same  time  a  liberal  use  of 
water  forced  down  through  a  1^-incli  hollow  drill  rod,  which  is  either 
pulled  up  and  down  by  rope  over  a  pulley  at  the  top  of  a  tripod  or 
else  by  twisting  the  drill  rod  with  pipe  tongs,  explosives  being  used 
to  loosen  the  material  or  remove  cobblestones  or  bowlders  in  the  i)ath 
of  the  pipe. 

One  marked  advantage  in  this  method  is  that  the  casing  is  kept  con- 
stantly loose  and  is  easily  raised  to  blast  in  the  hole  or  pulled  when 
boring  is  finished. 

Two  wagon  wheels  attached  to  two  legs  of  the  tripod  are  used  to 
wind  the  rope  attached  to  drill  rod  on  a  drum  or  in  moving  the  machine 
from  place  to  place. 

The  force  employed  with  each  machine  was  from  3  to  4  laboi'crs  and 
a  foreman,  a  double  team  and  driver  being  employed  with  each  ma- 
chine, or  for  two  machines,  as  conditions  warranted,  to  haul  water 
where  not  at  hand  or  to  move  the  plant. 

A  superintendent  of  borings  had  charge  of  all  parties,  recording  the 
results  of  the  several  Ijorings  from  the  books  kept  l)y  the  foreman, 
laying  out  and  locating  holes  where  directed,  when  not  done  by  other 
parties,  and  general  direction  of  the  work  under  the  assistant  engineer. 

The  varying  conditions  met  with  and  different  kinds  of  material 
encountered  in  a  work  of  this  kind  render  comi)arisons  ditficult  between 
the  results  obtained  from  different  machines  and  methods,  a  nmchine 
and  method  well  adapted  to  one  locality  being  comparatively  useless 
in  another,  and  results  obtained  as  to  piogress  ma<le  and  cost  of  work 
on  this  division  can  not  be  taken  as  a  criterion  for  otheiN 

The  following  tabulated  statemeut  showing  depth  penetrated  in 
difterent  kinds  of  material,  with  total  penetration  and  cost  of  same 
per  foot,  may  be  of  interest.  The  borings  varied  in  depth  from  a  few 
feet  to  a  nuiximum  of  from  100  to  100  feet.  The  price  per  foot  includes 
all  items  of  cost,  including  plant. 
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Table  No.  2. — Shoiving  number  of  borings  made,  charavter  of  viatericd  penetrated, 
with  total  pe)ietration  and  average  cost  per  foot. 


Number  of  land  borings.. 
Number  of  river  borings. 

Number  of  soundings 

Earth 

Sand 

Clay 

Blue  clay 

Gravel 

Shale 

Hardpan  

Quicksand 

Sand  and  gravel 

Sand  and  clay 

Clay  and  gravel 

Sand  and  shale 

Clay  and  shale 

Gravel  and  stone 

Gravel  and  l)o wider 

Hardpan  and  bowlder 

Hardpan  and  stone 

Sand  and  cobble 

Gravel  and  shale 

Sand, gravel. and  stone... 

Sand,  loam,  and  mud 

Sand,  clay,  and  gravel 

Gravel  and  cobble 

Mud 

Rock 


Total  jienetration. 


Test       I  Test  bor- 
soundings '  ings  with 
by  hand   ,   machine 


with  steel 
rod  in 

Mohawk 
River. 


on  land 

and  river 

in  Mohawk 

Valley. a 


290 
■53' 


mi 


7.139 
17,097 
3,763 


Test  bor- 
ings with 
machine  on 
cross-coiin- 
try  lines 
and  addi- 
tional bor- 
ings in 
Mohawk 
Valley. 6 


Total. 


271 


118 


290 


2,678 
44 
40 
664 
1.637 
726 


35 
900 


173 
"417' 


292 
22 


1.843 
33 


413 


1.087 


38,052 


472 
3,556 
6,(182 

177 
19 

117 

865 
801 
2,450 
760 
227 
2 

105 
177 
87 
36 
63 


55 


58 
""213" 
16,382 


1,165 
397 
290 

7,611 
20.706 

9,880 
177 

2, 815 
161 
100 

1,529 

2,728 

3,176 

760 

263 

9(J2 

10.5 

177 

87 

36 

63 

292 

900 
1,843 
91 
417 
628 


5.5,521 


o Including  part  of  western  division 

6  Including  Niskayuna- Albany  line  via  Shakers:  Niskayuna- Albany  line  via  Town  Hou.se  Cor- 
ners: Schenectady-Cedar  Hill  and  Normans  Kill  lines,  Mohawk  Valley  (boring  for  lock  and  dam 
sites). 

Average  penetration  of  2SKI  soundings  in  Mohawk  River  (exclusive  of  depth  of  water), 

feet 3.7 

Average  penetration  of  1,291  borings  in  Mohawk  Valley feet..  29.5 

Average  penetration  of  271  bfjrings  on  cross-country  lilies  and  for  dam  and  lock  sites, 

feet 60.4 

Average  penetration  of  1..562  borings,  total  on  all  lines feet..  34.8 

Average  cost  of  55,521  linear  feet,  total  penetration  of  all  borings  and  soundings. .  per  foot . .  $0. 54 

OFFICE    WORK   IN    ASSISTANT    ENGINEER'S    OFFICE. 


The  office  of  the  assistant  enirineer  was  h)caled  so  as  to  be  conven- 
ient and  accessible  to  the  several  field  parties,  and  was  moved  from 
point  to  point  as  the  work  progressed. 

The  transit  line  was  plotted  on  the  final  map  sheets  from  the  coor- 
dinates as  compnted  and  sent  in  by  the  transit  party,  and  these  sheets 
then  sent  out  to  the  stadia  parties,  by  whom  they  were  returned  with 
all  points  plotted  in  pencil,  with  elevations  and  all  data  except  contours 
as  taken  by  this  party  put  on  them. 

They  were  then  inked,  the  borings  and  soundings  put  on,  and  all 
data  checked  in  the  assistant  engineer's  office.  They  Avere  then  con- 
toured in  pencil  and  carefully  looked  over  by  the  head  of  the  stadia 
party,  who  made  the  field  sketches  before  inking  and  lettering.     They 
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were  then  jjone  over  by  the  liead  drnftsraan  with  the  notelx>ok  in  hand 
and  any  data  in  the  stadia,  boring,  or  sounding  books  not  on  the  maps 
supplied,  when  they  wen*  sent  in  to  the  oflRee  of  tlie  l'nite<l  States 
Board  of  Kiigiiu*ers  on  Deej)  Waterways  in  Detroit,  ('oinplctcd  oxcept 
titles. 

The  above  iiictiiod  of  work  waspiii-sucd  on  tiu^  Oswego  route  [H'opcr. 
On  the  surveys  of  the  Normans  Kill  route  all  notes  were  worked  up 
in  the  field  and  the  remainder  of  the  office  work  completed  in  the 
Detroit  oflfiee,  as  the  main  portion  of  the  office  force  was  then  located 
there  and  this  arrangement  beingdeemed  best  under  the  circumstances. 

OFFICE    WORK   IN   DETROIT   OFFICE. 

Tlie  first  work  in  this  office  was  the  projecting  of  a  center  line  of 
location  for  the  canal  on  the  completed  map  sheets  by  the  United 
States  Board  of  Engineers  on  Deep  Waterways,  and  the  plotting  of  a 
profile  of  the  same  on  which  the  character  of  the  material  along  the 
line  and  the  elevation  of  the  rock  surface  as  indicated  by  tlie  borings 
was  shown. 

Final  estimates  of  quantities  were  based  upon  cross-sections  plotted 
generallj'  at  100-foot  intervals  from  the  map  sheets  showing  the  sur- 
face of  the  ground  and  elevation  of  the  rock,  with  the  canal  prism 
drawn  on  the  cross-section  sheets,  and  the  grade  of  the  bottom  of  the 
canal  and  elevation  of  the  water  surface  shown  thereon. 

Preliminary  comparativ'e  estimates,  necessarj'  to  determine  the 
values  of  different  routes,  were  made  either  from  a  center-line  profile 
on  the  liasis  of  level  cuttings  or  else  by  average  surface  elevation  as 
taken  from  the  map  sheets. 

ROUTES   SURVEYED. 

The  work  of  this  division  embraced  one  main  route,  known  as  the 
Oswego  route,  eastern  division,  and  three  subsidiary  or  alternative 
shorter  routes  fi'om  the  Mohawk  River  near  Xiskayuna  and  near 
Schenectady  across  countrj-  to  the  Hudson  River,  known  respectively 
as  Niskayuna-Albany  route,  via  Shakers;  Niskayuna-Albany  route 
via  Towidiouse  Corners  and  Schenectady-Xornmns  Kill  i-oute. 

The  several  routes  ineutioued  ab(»\-e  will  lie  considci-ed  nniler  iheir 
respective  headings. 

OswE(K)  RoLTE  Proper. 

The  Oswego  route,  eastern  division  i)roper,  begins  at  Herkimer, 
N.  Y.,  and  follows  the  general  lines  of  the  Mohawk  River  and  its 
valley  to  the  Hudson  River  above  Troy,  N.  Y.,  the  only  deviations 
from  the  general  line  of  the  river  and  valley  worthy  of  note  being  at 
Little  Falls,  N.  Y.,  where  the  canal  location  passes  along  the  foot  of 
the  bluff  to  the  south  of  tlie  river;  at  Rexford  Flats,  where  the  sharp 
rocky  point  of  land  between  the  New  York  Central  Railroad  and  the 
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Mohawk  River  is  cut  through;  at  Crescent,  where  the  line  cuts  across 
the  sharp  bend  in  the  river  and  skirts  along  the  foot  of  the  hill  to 
the  south  of  the  Mohawk;  at  Colioes  Falls,  where  the  line  passes 
along-  the  top  of  the  bluff  to  the  east  of  the  river,  and  where  a  flight 
of  six  locks  is  i)roposed.  From  the  above  jjoint  the  line  cuts  across 
the  north  end  of  Simmons  Island  and  through  about  the  center  of 
Van  Schaicks  Island,  entering  the  Hudson  about  one-fourth  of  a 
mile  below  the  Twelfth  street  bridge,  connecting  this  island  with 
Lansingburg. 

Field  ivork. — The  survey  parties,  consisting  of  a  transit,  level,  and 
tAvo  stadia  parties,  began  work,  as  authorized  by  tlie  United  States 
Board  of  Engineers  on  Deep  Waterways,  witli  the  mapping  of  the 
shore  lines  of  the  Hudson  River  from  the  Congress  street  bridge,  over 
the  Hudson  River  at  Troy,  N.  Y.,  to  the  bridge  connecting  Waterford 
and  Lansingburg,  X.  Y.,  about  4^  miles  above  the  Congress  street 
bridge;  also  the  several  branches  of  the  Moliawk  River  entering  the 
Hudson,  with  the  immediate  country  adjacent  thereto,  including  all 
of  Green  Island,  a  portion  of  Van  Schaicks  and  Peebles  Island,  and 
of  Cohoes  and  West  Troy,  Ij'ing  between  the  Erie  Canal  and  the 
Mohawk  River. 

The  soundings  jjroper  began  at  the  Cohoes  Company's  dam  above 
Cohoes  Falls,  the  work  below  this  point  being  done  by  the  stadia 
parties. 

The  boring  parties  began  at  the  entrance  of  the  South  Branch  of  the 
Mohawk  into  the  Hudson.  The  transit  work  was  begun  in  October, 
18i»7,  and  completed  in  September,  IS'JS.  The  level  work  was  begun 
in  October,  1897,  and  completed  in  October,  1898. 

The  stadia  work  was  begun  in  October,  1897,  one  party  completing 
its  work  in  October,  1898,  and  the  other  party  early  in  Novemljer, 
1898.  The  work  of  soundings  was  begun  in  December,  1897,  and  com- 
pleted in  October,  1898. 

The  borings  were  begun  in  the  latter  part  of  December,  1897,  and 
completed  to  Herkimer  about  the  1st  of  November,  1898,  and  to  Frank- 
fort about  the  middle  of  November,  1898. 

All  work  was  prosecuted  continuously  from  its  commencement  to 
its  final  completion.  The  distance  alone  the  Canal  Center  line  from 
junction  with  Hudson  River  line  to  Washington  street,  Herkimer,  is 
83.07  miles.  Number  of  square  miles  of  mainland  and  islands  mapped 
on  this  route,  54;  number  of  square  miles  of  river,  9.30;  total  number 
of  square  miles  mapped,  63.30.  Area  of  Normans  Kill  line  is  11.95 
square  miles,  making  total  area  75.25  square  miles  for  the  eastern 
division. 

Reduction  of  field  notes  and  map  work. — The  reduction  of  all  field 
notes  of  this  route  was  kept  close  up  with  the  work  by  the  field  par- 
ties, and  also  the  plotting  in  pencil  on  the  final  map  sheets  of  all  data, 
ready  for  inking  and  contouring  in  the  office  of.  the  assistant  engi- 
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neer.  The  scale  of  the  maps  of  this  route  was  1  to  2500  (except 
through  Little  Falls,  when  the  scale  was  1  to  1000)  and  contour  inter- 
vals 2  feet. 

The  00  map  sheets,  embracing  the  total  area  mapped  on  this  route, 
were  completed,  excepting  titles,  in  the  field  office  at  Little  Falls, 
N.  Y.,  on  February  14,  and  the  necessary  office  force  for  the  work  of 
plotting  profiles  and  cross  sections  and  the  making  of  estimates  of 
cost  of  the  proposed  ship  canal  were  transferred  to  the  main  office  at 
Detroit,  Mich. 

ARTIFICIAL  FEATURES. 

The  Mohawk  Valley,  from  Herkimer  to  the  Hudson,  is  a  narrow, 
fertile  valley,  ranging  in  width  from  one-half  to  3  miles,  the  average 
width,  however,  not  exceeding  three-fourths  of  a  mile. 

Railroads. — The  four-track  New  York  Central  Railroad  follows 
along  the  north  side  of  the  valley  from  Herkimer  to  about  1^  miles 
below  Hoffmanns  Ferry,  where  it  leaves  the  immediate  valley,  passing 
to  the  north  of  the  same,  and  crosses  the  Mohawk  at  Schenectady, 
going  southeast  to  Albany,  N.  Y.  The  West  Shore  Railroad,  double 
track,  follows  along  the  south  side  of  the  valley  from  Herkimer  to 
about  3  miles  above  Schenectady,  whence  it  bears  off  southward 
across  country  toward  the  Hudson  River.  The  Fitchburg  Railroad, 
single  track,  crosses  the  Mohawk  about  5  miles  above  Schenectady, 
forming  a  junction  with  the  West  Shore  Railroad  at  Rotterdam 
Junction.  The  Schenectady  Branch  of  the  Delaware  and  Hudson 
Railroad,  single  track,  crosses  the  Mohawk  about  1^  miles  below 
Schenectady,  going  west  toward  South  Schenectady.  The  Troy  and 
Schenectady  Branch  of  the  New  York  Central  Railroad,  single  track, 
from  Schenectady,  passes  along  the  side  hills  and  the  top  of  the  high 
bluffs  to  the  south  of  the  Mohawk  and  well  above  the  same  to  about 
3  miles  below  Rexford  Flats,  where  it  descends  into  the  valley  of  the 
river,  and  passes  through  the  same  along  the  foothills  to  the  south  to 
about  2  miles  below  Niskayuua,  where  it  again  leaves  the  valle}'  and 
rises  to  an  elevation  of  about  IGO  feet  above  the  river  at  Crescent 
station;  then  descends  toward  Cohoes,  and  crosses  the  South  Branch 
of  the  Mohawk  and  the  Hudson,  entering  Troy,  N.  Y.,  about  oue-lialf 
mile  above  the  Congress  street  bridge. 

The  Saratoga  and  Champlain  Branch  of  the  Delaware  and  Hudson 
from  Albany,  single  track,  crosses  the  Mohawk  just  above  the  State 
dam  in  the  Mohawk,  where  the  river  separates  into  its  several 
branches  before  its  confluence  with  the  Hudson  River,  and  extends 
northward  up  the  Hudson  Valley.  The  Saratoga  and  Champlain 
Branch  of  the  Delaware  and  Hudson  from  Troy,  single  track,  crosses 
the  canal  location  on  the  east  side  of  Van  Schaicks  Island  just  before 
its  entrance  into  the  Hudson  River. 

Exist  in  (J  canals. — The  Erie  Canal  from  Herkimer  eastward  passes 
along  the  south  side  of  the  valley  between  the  Mohawk  River  and  the 

H.  Doc.  149 33 


514  DEEP    WATERWAYS. 

West  Shore  Railroad,  descending  with  the  river  by  a  series  of  locks. 
It  passes  along  the  foot  of  the  Rock  Cliffs  to  the  south  of  the  Mohawk 
at  Little  Falls  and  crosses  beneath  the  West  Shore  Railroad  about  1 
mile  above  Fort  Plain,  thence  through  Fort  Plain  to  the  south  of  the 
West  Shore  Railroad,  and  crosses  the  same  again  about  one-half  mile 
below.  From  here  it  follows  along  the  south  side  of  the  valley, 
passing  through  Canajoharie  and  Fultonville  and  crossing  Schoharie 
Creek  by  an  aqueduct  at  Foi-t  Hunter,  thence  through  that  part  of 
the  city  of  Amsterdam  to  the  south  of  the  river,  and  through  the 
bottom  land  above  Schenectadj-,  and  through  this  city  to  Rexford 
Flats.  Here  the  canal  crosses  from  the  south  to  the  north  side  of  the 
Mohawk  by  an  aqueduct,  thence  continuing  along  the  north  side  of 
the  valley  to  Crescent,  where  the  canal  again  crosses  the  Mohawk  by 
an  aqueduct  to  the  north  side,  and  follows  down  this  side  and  through 
the  city  of  Colioes,  descending  into  the  Hudson  at  West  Troy,  just 
above  the  Congress  street  bi'idge. 

Dams. — The  first  dams  encountered  in  the  Mohawk  on  this  division 
are  at  Little  Falls,  N.  Y.,  where  three  dams  cross  the  river.  The  first 
of  these,  known  as  the  New  York  State  Dam,  is  at  the  west  end  of  the 
city  of  Little  Falls.  This  dam  is  in  two  parts,  separated  by  Lock 
Island.  It  is  of  stone,  about  6  feet  in  height,  and  has  a  total  crest 
length  of  about  700  feet.  Elevation  of  crest  above  datum,  363.  On 
the  south  side  of  the  river  this  dam  diverts  water  for  hj'draulic  power 
to  a  portion  of  the  manufacturing  industries  located  there,  and  also 
for  the  canal  feeder,  some  2,500  feet  in  length,  entering  the  Erie  Canal 
just  below  Lock  No.  39. 

On  the  north  side  of  the  river,  power  is  supplied  to  the  large  3-story 
knitting  mill  facing  on  the  river  bank- 

The  second  or  middle  dam,  located  about  one-fourth  mile  below 
the  above-mentioned  one,  and  known  as  the  Mill  Owners'  Dam,  is  a 
curved  dam  of  cut  stone,  about  10  feet  in  height  and  with  a  crest 
length  of  about  370  feet.  Elevation  of  crest,  350.  On  the  south  side 
of  the  river,  power  for  hydraulic  purposes  is  diverted  by  this  dam  for 
the  manufactories  located  along  the  river  to  the  South  Ann  Street 
Bridge,  which  crosses  the  Mohawk  about  1,000  feet  below  the  dam. 
On  the  north  side,  power  is  supplied  to  the  large  number  of  indus- 
tries as  far  castas  the  AVilliam  Street  Bridge,  which  is  some  2,300  feet 
below  the  dam. 

The  third  and  last  dam  here  is  about  one-half  mile  below  the  Mill 
Owners'  Dam,  and  is  known  as  the  Gilbert  Dam.  It  is  a  stone  dam, 
about  9  feet  in  height,  slightly  curved,  and  with  a  crest  of  about  1 70  feet. 
Elevation  of  crest,  333.7.  It  diverts  power  for  hydraulic  purposes 
for  the  Astoronga  knitting  mill,  on  the  south  side  of  the  river,  and 
for  the  Little  Falls  Paper  Company,  on  the  north  side  of  the  river. 

The  fourth  dam  in  the  Mohawk,  just  below  Indian  Castle,  on  the 
West  Shore   Railroad,   and  about  4  miles  below   Little  Falls,    is  a 
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stone  dam  about  5  feet  in  height,  and  with  a  crest  length  of  al)()ut 
360  feet;  elevation  of  crest,  319.2.  Elevation  of  top  of  flash-boards, 
321.2.  It  serv'es  to  impound  water  in  the  Mohawk  and  supply  the 
Erie  Canal  by  a  feeder  Jvuown  as  the  Rocky  Rift  feeder,  some  4  miles 
in  length,  which  enters  the  Erie  Canal  just  below  Lock  No.  .'{-t,  at 
Mindenville. 

The  fifth  dam  in  the  Mohawk  is  about  3^  miles  below  Schenectady 
and  about  800  feet  above  the  aqueduct  that  carries  the  Erie  Canal 
over  the  Mohawk  at  Rexford  Flats.  This  is  a  stone  dam  about  5  feet 
in  height,  and  a  crest  of  about  070  feet.  Elevation  of  crest,  200.7.  It 
serves  to  supply  the  Erie  Canal  feeder  at  this  place,  some  1,900  feet 
in  length,  which  enters  the  canal  just  below  Lock  No.  21. 

The  sixth  dam  is  the  West  Troy  Water  Company's  dam,  alx)ut  3 
miles  above  Crescent.  This  is  a  stone  dam  about  4  feet  in  lieight, 
separated  into  two  parts  by  a  rooky  island.  Tlie  upper  or  north  dam, 
at  the  head  of  the  island,  has  a  crest  length  of  about  380  feet,  and  an 
elevation  of  17-1:. 2;  the  lower  or  south  dam,  at  the  foot  of  the  island, 
has  a  crest  length  of  about  290  feet  and  an  elevation  of  173.5.  It 
serves  to  impound  the  river,  from  which  a  pumping  station,  located 
at  this  dam,  pumps  water  to  the  reservoirs  supplying  West  Troy, 
N.  Y. 

The  seventh  dam  is  the  Cohoes  Company's  dam,  located  about  one- 
half  mile  above  Cohoes  Falls.  This  is  a  stone  dam  about  8  feet  high, 
and  with  a  crest  from  the  gate-house  to  its  north  end  of  about  1,330 
feet.  Elevation  of  crest  of  masonry  is  152.4,  and  of  the  flash-boards 
154.2.  The  present  dam  was  built  in  1865,  and  its  construction 
enables  the  converting,  at  low  water,  of  the  entire  supply  of  the 
Mohawk  into  the  hydraulic  canal  of  the  company,  leading  from  the 
dam  to  the  city  of  Cohoes,  and  from  which  the  greater  portion,  if  not 
all,  the  large  manufactories  in  C'ohoes  are  supplied  with  power. 

About  one-half  mile  below  the  above  dam  is  situated  Cohoes  Falls, 
where  there  is  an  almost  perpendicular  fall  in  the  Mohawk  of  some  60 
feet,  the  total  fall  from  the  foot  of  the  Cohoes  Company's  dam  to  the 
foot  of  Cohoes  Falls  being  about  84  feet. 

The  eighth  and  last  dam  on  the  Oswego  route,  eastern  division, 
before  the  proposed  canal  location  enters  the  Hudson,  is  the  State 
dam  opposite  the  city  of  Cohoes. 

This  is  a  stone  dam  alwut  9  feet  in  height  and  with  a  crest  of  about 
1,530  feet.  Elevation  of  crest,  48.9.  It  was  constructed  to  enable  the 
boats  on  the  Champlain  Canal  to  cross  the  Mohawk,  and  also  serves  to 
divert  water  for  hydraulic  purposes  for  some  industries  oji  the  s«Mith 
side  of  the  Mohawk. 

Bridges,  aqueducts,  and  ferries. — From  Herkimer  to  where  the  Nor- 
mans Kill  location  leaves  the  Mohawk  at  Rotterdam  Junction,  12 
highway  and  2  railroad  bridges  span  the  river.  One  of  these  railroad 
bridges,  below  Hoflfmans  Ferry,  now  in  course  of  construction,  is  pro- 
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posed  to  carry  the  tracks  of  the  West  Shore  Railroad  to  a  connection 
with  the  New  York  Central;  and  the  other,  at  Rotterdam  Junction, 
carries  the  single  track  of  the  Fitchburg  Railroad.  Three  of  the  above 
highway  bridges  at  Little  Falls  and  the  railroad  bridge  at  Rotterdam 
Junction  will  be  undisturbed  by  the  canal  location  as  planned.  The 
old  stone  aqueduct  at  Little  Falls  will  also  be  untouched.  It  was 
formerly  used  to  convey  water  across  the  river  as  a  feeder  for  the 
Erie  Canal.  It  is  now  unused  and  partly  destroyed.  From  Schenec- 
tady to  the  Hudson  River  via  the  Mohawk  River  there  are  7  highway 
bridges,  3  railroad  bridges,  and  3  stone  aqueducts  over  the  river.  The 
railroad  bridge  at  Schenectady  carries  the  four  tracks  of  the  New  York 
Central  Railroad.  The  one  at  Mohawk,  and  also  at  Cohoes,  carries 
the  single  track  of  the  Delaware  and  Hudson  Railroad. 

The  aqueducts  at  Rexford  Flats  and  Crescent  carry  the  Erie  Canal 
over  the  Mohawk.  The  only  one  of  the  above  structures  undisturbed 
by  the  canal  location  is  the  Crescent  Aqueduct. 
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PHYSICAL   CHARAOTERlHTItS. 

Mate  rial — From  He  rk  inner  to  about  \\  miles  east  {Station  Jf-l'-JO  to 
JfS/JU). — The  borinjj.s  for  this  set'tioii  iiulieate  no  rook  witliin  a  depth 
of  45  or  50  feet  below  the  surface  of  the  valley.  The  material  for  this 
flistaiioe  is  an  alluvial  deposit  of  soil  varyin*?  in  depth  from  5  to  10 
feet,  underlaid  with  fine  sand,  in  places  mixed  with  gravel.  Sound- 
ings taken  with  a  rod  indicate  gravel  in  river  bed. 

From  Station  Jf850  to  5115  at  the  upper  end  of  Little  Falls. — The  first 
rock  on  this  tlivision  is  encountered  in  this  distance.  It  varies  in 
depth  below  the  surface  from  15  to  35  feet,  and  is  overlaid  for  the 
most  part  with  sand,  this  sand  in  places  being  mixed  with  blue  clay 
with  the  usual  deposit  on  top  of  rich  loam  about  8  feet  in  depth. 
Soundings  in  the  river  indicate  sand  and  gravel.  This  is  a  hard  rock, 
similar  in  places  to  that  at  Little  Falls.  It  outcrops  horizontally  in 
places  along  the  south  side  of  the  Erie  Canal  and  West  Shore  Railroad. 

From  Station  5115  to  5115  through  the  city  of  Little  Falls. — This 
material  is  all  a  hard  quartzite  rock  outcropping,  along  the  canal 
location,  for  almost  the  entire  distance  and  also  over  the  section  adja- 
cent to  the  canal  and  in  the  river  bed. 

From  Station  5175  to  5260,  the  latter  being  about  three- fourths  of  a 
mile  below  the  suspension  bridge  beloiv  Little  Falls. — The  borings  indi- 
cated no  rock  in  the  river  bed  within  a  depth  of  -tO  feet  below  the 
water  surface.  The  niaterial  in  the  bed  of  the  river  for  this  distance 
is  all  sand.  Steep,  rock}'  cliffs  rise  almost  perpendicularly  along  this 
distance,  a  short  distance  back  from  the  river  bank,  as  far  east  as  the 
suspension  bridge,  where  the  gorge  opens  abruptlj'  into  the  river  bot- 
tom some  three-fourths  of  a  mile  in  width. 

From  Station  5260  to  5650,  the  latter  being  at  St.  Johnsrille. — 'I'he 
surface  of  the  rock,  as  indicated  by  the  borings,  i-anged  in  depth  from 
10  to  25  feet  below  the  surface  of  the  bottom  land,  with  the  exception 
of  just  opposite  East  Canada  ('reek,  where  one  boring  developed  no 
rock  at  45  feet  below  the  surface,  and  also  two  borings  about  one-half 
mile  above  St.  Johnsville,  where  no  rock  was  encountered  at  a  depth 
of  50  feet  below  the  surface.  This  rock  outcrops  in  Castle  Creek  at 
the  crossing  of  the  West  Shore  Railroad,  and  also  in  places  along  the 
line  of  this  railroad  for  the  above  distance. 

Judging  from  these  outcrops  and  also  from  the  excavation  ina<le  for 
the  Rocky  Rift  feeder  for  the  Erie  Canal,  the  indications  are  the  char- 
acter of  the  rock  for  this  distance  is  a  soft  shale  or  slate  rock  bedded 
horizontally  in  thin  layers. 

The  material  overlying  this  rock  is  sand  for  almost  the  entire  dis- 
tance, with  occasional  pockets  of  gravel  and  about  5  to  10  feet  of  soil. 
The  bed  of  the  river  is  sand,  gravel,  and  c()b])lestones,  as  indicated 
by  the  soundings. 

From  St.John.9ville  to  Canajoharie. — Rock  was  encountered  in  the 
bori?iir>i  foi-  the  entire  di^ijnii-c  ;it  ;\  depth  varviii«r  fi-om  l*0  to  30  feet 


520  DEEP    WATERWAYS. 

below  the  bottomland.  The  surface  of  the  rock  is  fairly  level.  It 
outcrops  in  various  places  along  both  sides  of  the  valley,  generally  in 
horizontal  ledges.  Occasional  outcrops  of  slate  show  on  the  north 
side  of  the  valley,  but  the  general  indications  are  that  the  rock  along 
this  section  is  a  hard  limestone  rock.  There  is  a  large  quarry"  now  in 
active  operation  about  1  mile  above  Palatine  Bridge  on  the  north  side 
of  the  valley,  at  which  stone  suitable  for  dams,  locks,  and  other 
masonry  structures  is  now  being  quarried. 

Sand  overlies  the  rock  the  greater  part  of  this  distance.  In  places 
it  is  mixed  with  gravel,  and  just  above  the  entrance  of  Garoga  Creek 
(Station  5820)  for  a  distance  of  about  one-half  mile  blue  cla}'  is  encoun- 
tered to  a  depth  of  about  25  feet  above  the  rock  surface.  There  is  a 
depth  of  about  8  feet  of  soil  along  most  of  this  section.  The  riverbed 
is  sand,  gravel,  and  cobblestones. 

Fr'orn  Canajoharie  to  Fultonville. — Rock  was  only  found  at  a  few 
places,  and  at  these  at  a  depth  of  from  30  to  50  feet  below  the  bottom 
land,  except  just  opposite  the  "Little  Nose,"  it  outcrops  on  the  south 
shore  of  the  river,  but  dips  down  again  to  the  east  and  west. 

The  average  depths  of  the  borings  along  this  and  other  sections  was 
30  feet  below  the  river  bed,  unless  rock  was  encountered  at  a  less 
depth  or  increased  penetration  necessary  for  determining  foundations 
for  structures. 

Limestone  rock  outcrops  in  horizontal  layers  in  numerous  places 
along  this  section  on  botli  sides  of  the  valley  as  far  east  as  "The 
Noses." 

About  1^  miles  above  Yatesville  two  prominent  limestone  cliffs  rise 
several  hundred  feet  almost  perpendicularly  from  the  valley,  the  one 
on  the  north  side  being  known  as  the  "Little  Nose"  and  the  one  on 
the  south  side  as  the  "Big  Nose."  From  "The  Noses  "to  Fultonville 
soft  shale  rock  outcrops  along  the  south  side  of  the  valley,  and  is  espe- 
cially noticeable  along  the  Erie  Canal  and  West  Shore  Railroad  above 
Fultonville. 

The  character  of  the  material  between  Canajoharie  and  Fultonville 
is  mostly  sand,  in  a  few  cases  mixed  with  clay  and  graVel,  the  usual 
deposit  of  soil  overlying  this  material  to  a  depth  of  about  10  feet. 
The  bed  of  the  river  for  this  distance  is  mostly  sand  and  gravel,  with 
some  cobblestones. 

From  Fultonville  to  about  1  mile  below  Schenectady  {Station  8131). — 
For  this  distance  rock  was  encountered  at  only  a  few  isolated  places 
worthy  of  mention,  namelj',  about  1^  miles  below  Fultonville,  for  a 
distance  of  about  2,500  feet,  at  a  depth  of  25  feet  below  the  river  bed; 
about  3^  miles  below  Fultonville,  for  a  distance  of  3,000  feet,  at  a 
depth  ranging  from  15  to  35  feet  below  the  bottom  land;  at  Fort 
Hunter,  for  a  distance  of  about  1,000  feet,  at  a  depth  of  about  25  feet 
below  the  river  bed;  just  above  Amsterdam,  for  a  distance  of  about 
3,000  feet,  at  a  depth  of  from  10  to  40  feet  below  the  river  bed;  at 
Cranesville,  just  at  the  head  of  the  lock  th-re,  at  a  depth  of  about  60 
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feet  below  the  river  bed;  and  about  3^  miles  above  Schenectady,  for 
a  distance  of  about  l',()00  feet,  at  a  depth  of  5  to  25  feet  below  the 
river  bed. 

Occasional  outcrops  indicate  the  existence  of  soft  shale  as  far  east 
from  Fultonville  as  Fort  Hunter.  From  Fort  Hunter  to  about  1^ 
miles  above  Hoffmanns  Fen-y  the  evidence  is  that  iiard  limestone  rock 
exists  in  horizontal  ledjj^es  of  from  1  to  0  feet  in  thickness.  Outcrops 
and  exposed  quariy  faces  at  Fort  Hunter  on  the  north  side  of  the  river 
indicate  this,  also  at  Amsterdam  along  the  north  shore  of  river  and 
in  cuts  along  the  West  Shore  Railroad  on  the  south  side  as  far  east  as 
1^  miles  above  Hoffmanns,  also  in  the  beds  of  several  small  streams  on 
the  north  side  of  the  river.  No  outcrops  of  rock  were  noticed  for 
about  1|  miles  above  Hoffmanns  to  about  three-fourths  of  a  mile 
below  the  Fitchburg  Bridge,  where  slate  rock  outcrops  in  the  bed  of 
a  small  stream  (opposite  station  7864),  also  in  bed  of  Erie  Canal 
(opposite  station  7911),  also  opposite  station  7936;  soft  shale  outcrops 
along  banks  of  canal. 

The  borings  and  soundings  taken  over  this  distance  indicate  about 
10  to  15  feet  of  soil  along  the  valley.  Sand  generally  underlies  the 
soil,  with  occasional  pockets  of  gravel  and  gravel  and  sand  mixed. 
Blue  clay,  for  the  most  part  tough,  is  found  under  the  sand  in  isolated 
places  at  depths  of  from  10  to  15  feet  below  the  river  bed.  The  sand 
and  gravel  is  in  places  stratified  with  blue  clay. 

Quicksand  was  only  encountered  in  a  few  borings. 

From  the  Fitchburg  Bridge  at  Rotterdam  Junction  for  about  2  miles 
east  sand  mixed  with  large  gravel  and  cobblestones  was  found.  Blue 
clay  and  gravel,  where  found  mixed,  was  hard  and  required  the 
frequent  use  of  explosives  to  penetrate.  From  about  one-half  mile 
above  Fultonville  to  about  3  miles  above  Schenectady  the  river  bed  is, 
for  the  most  part,  large  and  small  bowlders  mixed -with  coblilestones, 
although  this  condition  is  perhaps  more  pronounced  between  Fulton- 
ville and  Cranesville  than  below  the  latter  place.  Strata  of  hard 
cemented  gravel  about  6  to  8  feet  in  thickness  crops  out  along  the 
north  bank  of  the  river  well  above  the  water  level  about  2  miles  abov^e 
Schenectady  (station  7986).  This  same  material  was  encountered  in 
two  borings  on  the  same  side  of  the  river,  about  one-half  mile  l>elow 
the  above  point.  It  also  outcrops  along  the  steep  bank  to  the  north 
of  the  river  opposite  Rotterdam  Junction. 

From  about  1  mile  below  Schenectady  to  Hudson  Rirer. — This  divi- 
sion may  be  designated  as  the  rock  section  of  this  route,  as  sliale  rock 
is  characteristic  for  almost  the  entire  distance. 

From  the  highway  bridge  over  the  river  about  1  mile  below  Sehenec- 
tady  for  a  distance  of  about  1  mile  going  east  the  bed  of  the  river  is 
practically  all  rock,  but  it  then  dips  down  for  a  distance  of  about 
three-fourths  of  a  mile,  and  no  rock  was  found  at  a  depth  of  25  feet 
below  the  river  bed. 
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The  surface  of  the  rock,  however,  immediately  rises  to  tlie  river  bed 
and  continues  with  the  same  as  far  east  as  about  opposite  Xiskayuna. 

From  Niskayuna  to  Vischer  Ferry  borings  in  the  flat  bottom  lauds, 
across  which  the  canal  location  passes,  developed  no  rock  at  a  depth 
of  65  feet  below  the  surface. 

From  Vischer  Ferry  to  where  the  canal  location  enteis  the  Hudson 
the  bed  of  the  river  is  practically  all  rock,  at  places  developing  a  very 
irregular  profile. 

The  banks  of  the  river  in  places  along  this  section,  especially  below 
Rexford  Flats  and  from  Crescent  to  C/Ohoes,  are  perpendicular  cliffs 
of  soft  shale  rock.  The  section  adjacent  to  the  river  is  also  for  the 
most  part  similar  material. 

Where  there  is  a  deposit  on  the  rock  it  is  generally  sand  and  gravel 
mixed.  In  the  flat  bottom  land  opposite  Niskayuna,  to  the  north  of 
the  river,  black  loam  covers  the  surface  to  a  depth  of  10  to  15  feet, 
underlaid  by  sand  and  blue  clay,  in  places  stratified. 

SUMMARY. 

A  summary  of  the  material  from  Herkimer  to  the  Hudson  River,  via 
the  Mohawk,  from  information  at  hand,  combined  with  the  prelimi- 
nary geological  map  as  issued  by  the  State  of  New  York,  dev^eloj)ed 
the  fact  that  from  Herkimer  to  the  Suspension  Bridge  below  Little 
Falls  the  rock  is  hard.  At  Little  Falls  it  is  a  quartzite,  desigimted  on 
the  geological  map  of  the  State  as  "  Laurentian  granite,"  blending  to 
the  west  into  ''  Calciferous  sand  rock,"  and  to  the  east  into  the  "  Hud- 
son River  and  Utica  formations." 

From  the  Suspension  Bridge  to  St.  Johnsville  the  rock  is  apparently 
a  soft  shale  or  slate  rock.  From  St.  Johnsville  to  Fultonville  the  rock 
is  for  most  part  a  hard  limestone,  and  exists  in  large  quantities.  The 
geological  map  of  the  State  indicates  the  existence  of  Trenton  lime- 
stone to  the  south  of  the  river  below  St.  Johnsville,  and  Calciferous 
sand  rock  on  the  north  side,  the  latter  extending  down  the  valley  to 
Sprakers,  where  a  small  area  of  Laurentian  granite  exists  to  the  north 
of  the  river.  From  the  above  point  the  rock  blends  into  the  Hudson 
River  and  Utica  formations  toward  Fultonville. 

From  the  above  point  to  Fort  Htinter  the  small  amount  of  rock 
found  is  shale  rock.  From  Fort  Hunter  to  above  Hoffmanns  Ferry 
hard  limestone  rock  is  found.  The  State  geological  maps  show  Cal- 
ciferous sand  rock  for  most  of  this  distance,  with  small  area  of  Tren- 
ton limestone  at  Tribes  Hill  and  P^onda. 

From  above  Hoffmanns  Ferry  to  the  Hudson,  shale  rock,  generally 
soft,  is  found,  designated  on  the  State  geological  map  as  Hudson 
River  and  Utica  formation. 

The  limestone  and  quartzite  rock  as  found  along  the  above  route  is 
suitable  for  concrete,  retaining  and  slope  walls. 
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SaiHl  and  jimvel  exist  at  various  places  for  the  ])rei)aral ion  of  con- 
crete, and  prohably  clay,  suitable  and  in  sufficient  quantities  for  all 
puddlinj?  needed. 

Water  courses. — The  principal  water  courses  entering  the  valley 
alonjr  this  division  are  West  Canada  Creek,  just  Indow  Herkimer; 
Indian  Castle  Creek;  East  Canada  Creek,  about  0  miles  below  Little 
Falls;  (iaroga  Creek,  about  2^  miles  above  Fort  Plain;  Otsquajjja 
Creek,  at  Fort  Plain;  Cana.joharie  Creek;  Flat  Cre«'k,  at  .Spiak«'rs; 
Cayadutta  Creek,  at  Fonda;  Schoharie  Creek,  at  Fort  Hunter;  North 
and  South  Chuctenunda  Creek,  at  Amsterdam;  Alplaus  Kill,  above 
Rexford  Flats;  and  Stony  Creek,  at  Vischer  Ferry.  The  drainage 
area  of  the  above  water  courses  and  their  flood  discharires  will  1m*  dis- 
cussed in  Appendix  No.  16. 

High-icater  marks. — The  only  stationary  gauge  readings  rocoixlcd  on 
this  division  were  at  the  West  Troy  Company's  dam.  This  gauge  was 
located  just  above  the  lower  dam  on  the  south  side  of  the  river,  and 
continuous  readings  were  taken  by  the  man  in  charge  of  the  pumping 
station  located  there  from  March  12,  1808,  to  March  31,  1899. 

The  elevation  of  the  crest  of  this  lower  dam  above  datum  is  173.5. 

The  highest  reading  recorded  was  on  March  14,  1898,  elevation 
180.7,  and  the  lowest  on  July  25, 1898,  elevation  171.4.  The  ice  moved 
out  of  the  river  on  March  7,  1898,  and  a  high-water  elevation  of  186.2 
was  noted  at  Vischer  Ferry  by  the  sounding  party.  The  river  was 
then  open  to  the  Hudson. 

Two  openings  existed  in  the  West  Troy  Company's  dam  at  the  time 
this  gage  was  located  thei-e — one  near  the  south  bank  about  23  feet 
long  by  20  inches  deep  below  the  coping;  another  near  the  center 
of  the  dam  about  51  feet  long  and  from  3  to  8  feet  deep;  the  sectional 
area  of  the  two  openings  being  about  380  square  feet. 

Other  temporary  gauges  were  read  at  different  points  along  the  work 
by  the  several  parties  between  March  and  December,  1898,  and  simul- 
taneous water  levels  were  taken  at  various  points  between  the  West 
Troy  Company's  dam  and  Herkimer,  to  determine  the  slopes  in  the 
river. 

The  water  surface  was  about  2  feet  above  its  lowest  stage  when 
these  readings  were  taken.  The  following  high  and  low  water  marks 
were  observed,  all  with  reference  to  datura: 
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The  high-water  mark  of  282.6  at  Fultonville  occurred  while  the 
assistant  engineer's  office  was  located  there,  and  was  regarded  as  very 
exceptional. 

Certain  information  was  obtained  along  the  valley  as  to  flood  heights 
at  different  times  during  i^ast  years.  On  a  house  on  the  river  bank, 
just  above  the  Cohoes  Company's  dam,  high  water  on  March  16,  1889, 
is  said  to  have  been  at  elevation  161,9,  and  an  ice  freshet  in  the  spring 
of  1868,  elevation  165.9. 

The  crest  of  the  masonry  of  this  dam  is  152.4.  A  high-water  mark 
is  given  at  Crescent,  on  the  house  of  H.  L.  Haights,  aue  to  ice  freshet 
in  spring  of  1868,  elevation  179.0. 

Ordinary  spring  freshets  here  attain  an  elevation  of  about  174.0. 

The  bed  of  the  river  below  the  aqueduct  is  rock  and  about  eleva- 
tion 161.  At  Dunsbach  Ferry  an  ice  gorge  in  1893  is  said  to  have 
raised  the  water  to  elevation  181.  The  ordinary  spring  freshets  attain 
an  elevation  of  175,  The  elevation  of  the  lower  chord  of  the  bridge 
here  is  about  182.     At  Forts  Ferry  a  flood  elevation  is  given  of  185.4. 

At  the  railroad  station  at  Niskayuna  a  high-water  mark  of  eleva- 
tion 187.9  is  given. 

Ordinary  spring  floods  reach  elevation  180.  The  railroad  track 
here  is  elevation  195.  At  the  Delaware  and  Hudson  bridge  below 
Schenectady  a  high- water  mark  is  given  of  elevation  222.9. 

The  base  of  rail  on  this  bridge  is  about  elevation  229. 

At  Canajoharie  a  high-water  mark,  due  to  ice  gorge  in  spring  of 
1890,  is  given  on  end  of  stone  wall  at  New  York  Centi'al  Railroad 
station,  elevation  304.  The  railroad  track  here  is  elevation  300.  At 
Fort  Plain  a  high-water  mark,  due  to  ice  gorge  February  26,  1891, 
is  given  at  corner  of  Willet  and  Lincoln  streets,  elevation  310.6.  The 
West  Shore  Railroad  track  at  station  here  is  elevation  309.  About 
3  miles  above  Fort  Plain,  due  to  ice  gorge  in  1865,  water  was  over 
New  York  Central  Railroad  tracks;  elevation  of  tracks,  314.  At 
East  Creek  Station,  on  New  York  Central  Railroad,  where  East  Can- 
ada Creek  crosses  the  railroad,  a  high-water  mark  was  given  by  the 
station  agent,  which  occurred  in  1896,  due  to  ice  breaking  up  in  the 
spring,  elevation  329,     The  railroad  track  here  is  elevation  332. 

At  Little  Flails  high-water  marks  are  recorded  in  the  planing  mill 
of  Andrew  Little,  located  on  the  north  bank  of  the  river,  just  below 
the  Mill  Owners'  dam,  Mr.  George  F,  Ransom,  who  has  been 
employed  in  this  mill  for  over  thirty-five  years,  informed  me  that  the 
highest  water  known  here  was  on  the  17th  of  March,  1865,  when  the 
water  was  4  feet  deep  on  the  floor  of  this  planing  mill,  or,  in  other 
words,  according  to  our  datum,  at  an  elevation  of  361,  This  flood 
resulted  from  the  rapid  melting  of  the  snow  and  from  the  fact  that 
there  was  at  the  time  about  30  inches  of  ice  in  the  river,  which  backed 
up  and  formed  an  ice  gorge  about  where  the  old  stone  archway  is  now 
located,  which  was  formerly  used  as  an  aqueduct  for  transferring  the 


DEEP    WATERWAYS.  525 

water  from  an  old  t;anal  situated  on  the  north  side  of  the  river  across 
the  river  to  the  present  Erie  Canal,  as  a  feeder  for  the  same.  He 
also  informed  me  that  on  the  17th  of  March,  1807,  the  water  was 
level  with  the  floor  of  the  planing  mill  referred  to,  elevation  357. 
This  resulted,  he  stated,  from  the  rapid  melting  of  the  snow  and  was 
not  dne  to  an  ice  gorge.  lie  remarked  that  while  the  water  did  not 
rise  so  high  at  this  time,  there  was  still  more  water  flowing  in  the 
river.  At  this  time  the  present  Mill  Owners'  dam  was  not  constructed, 
but  there  was  a  dam  located  at  this  place  somewhat  similar  in  con^ 
struction  and  about  the  same  height,  and  his  expression  was,  in 
regard  to  the  water  coming  over^this  dam,  that  you  could  "just  see 
where  it  was." 

The  elevation  of  the  crest  of  this  Mill  Owners'  dam,  according  to 
our  datum,  is  356.  At  a  medium  stage  of  the  water  the  elevation  of 
the  river  above  the  most  westerly  dam  at  Little  Falls  is  364.3,  and  the 
elevation  of  the  water  below  the  most  easterly  dam,  when  the  river 
is  at  the  same  stage,  is  322,5,  or,  in  other  words,  the  total  fall  of  the 
river  at  this  point  is  41.8  feet. 

In  regard  to  Mr.  Ransom's  statement  that  the  high  water  of  1867 
was  not  due  to  an  ice  gorge,  upon  questioning  him  further  in  regard 
to  this  nmtter,  he  stated  that  there  was  probably  considerable  obstruc- 
tion to  the  flow  of  water  in  consequence  of  the  aqueduct  above  referred 
to  and  of  the  debris,  etc.,  coming  down  the  river  and  gorging  at  the 
above  aqueduct  and  bridge  above  the  same.  If  this  had  not  been  the 
case,  it  seems  to  me  to  be  difficult  to  account  for  the  height  of  this 
water  at  the  place  he  states  in  the  mill.  I  made  an  effort  to  obtain 
information  as  to  a  high-water  mark  above  the  upper  dam  for  the 
flood  of  1865  and  1867,  but  was  unable  to  obtain  any  very  definit.e 
information.  I  was  told  by  a  gateman  of  the  New  York  Central 
Railroad,  who  was  formerly  a  track  foreman  on  that  road,  and  who  has 
been  in  the  employ  of  the  same  for  a  number  of  years,  that  the  flood 
of  1867  was  probably  about  2  feet  deep  on  the  New  York  Central  tracks 
about  a  mile  above  Little  Falls,  and  he  told  me  that  a  large  cake  of 
ice  struck  a  rail  of  this  track  at  this  point  and  moved  it  about  a  foot 
out  of  line.  He  also  informed  me,  as  well  as  other  residents  of  the 
locality,  that  the  ordinary  spring  freshet  reached  a  certain  place  on 
the  ground,  which  was  pointed  out  to  me,  the  elevation  of  which  would, 
according  to  our  datum,  be  about  309.2.  Mr.  Ransom  pointed  out  to 
me  at  the  mill  where  he  is  employed  a  mark  which  was  about  the 
usual  height  of  the  spring  freshet,  the  elevation  of  which,  accoi*ding 
to  our  datum,  would  be  about  350.2. 

In  regard  to  the  height  of  the  water  at  the  Suspension  Bridge  below 
Little  Falls,  I  made  inquiry  from  the  residents  there  and  found  from 
their  statements  that  the  highest  water  known  at  that  point  was  either 
in  1865  or  1867.  My  informant  was  not  sure  which  year,  nor  could 
he  state  definitely  whether  this  freshet  was  entirely  due  to  an  ice 
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gorge  or  not,  but  he  did  state  there  was  ice  in  the  river  and  that  he 
thought  there  was  an  ice  jam  about  a  mile  below  the  Suspension 
Bridge.  The  elevation  of  this  high  water  at  this  jjoint,  and  indicated 
by  him  by  a  mark  on  the  window  frame  of  the  hotel  near  the  bridge, 
was,  according  to  our  datum,  337.2.  In  regard  to  the  ordinary  spring 
freshet,  he  remarked  that  it  was  about  the  same  height  each  year,  and 
pointed  out  a  mark  on  a  telegraph  pole  opposite  the  west  end  of  the 
hotel,  the  elevation  of  which,  according  to  our  datum,  is  about  330.2. 
According  to  this  statement,  the  ordinary  spring  freshet  would  reach 
about  the  top  of  the  banks  of  the  river  above  the  Suspension  Bridge 
on  the  north  side,  and  be  about  4  feet  below  the  towpath  of  the  canal 
on  the  south  side. 

At  Jacksonburg,  high  water  in  the  river  overflows  the  flats  on  the 
north  side  of  the  river  to  the  New  York  Central  Railroad  bank;  ele- 
vation of  flats,  about  371. 

At  Herkimer,  Mr.  Fulmar,  overseer  of  the  dam  in  the  West  Canada 
Creek,  about  1^  miles  above  Herkimer,  stated  that  in  times  of  lowest 
water  in  this  creek  no  water  flows  over  the  crest  of  the  dam,  and 
the  flow  in  the  canal  is  only  about  two-thirds  the  normal  flow.  He 
stated  the  water  was  lower  in  the  summer  of  1898  than  he  had  ever 
seen  it.  In  his  experience  the  water  was  also  the  highest  he  had  seen 
it,  at  the  time  of  a  spring  freshet  in  1898,  when  it  was  over  the  dock- 
ing on  west  side  of  dam;  elevation  of  this  docking,  429.  He  stated  he 
had  seen  the  water  and  ice  4  feet  over  the  Mohawk  and  Maloue  Rail- 
road at  this  dam;  elevation  of  railroad,  427;  crest  of  dam  here,  eleva- 
tion 419.3. 

High  water  in  the  Mohawk  at  Herkimer  is  said  to  have  reached  ele- 
vation 384,  due  doubtless  to  ice  in  the  river. 

Canal  location  and  conditions  governing  the  same. — The  limits 
within  which  a  canal  location  for  either  a  30  or  21  foot  depth  of  canal 
prism  is  practical  along  this  route  are,  generally  speaking,  the  imme- 
diate bed  or  bottom  lands  of  the  Mohawk  River, 

From  Herkimer  to  about  3  miles  above  Schenectady,  a  distance  of 
some  60  miles,  the  valley  has  an  average  width  of  little,  if  any,  in 
excess  of  one-half  mile. 

The  four- track  New  York  Central  Railroad  skirts  along  the  foot  of 
the  hills  on  the  north  side  of  the  valley,  and  the  Erie  Canal  and  West 
Shore  railroads  follow  along  the  south  side,  the  Mohawk  River  winding 
along  the  bottom  land  between,  first  close  to  the  one  side  and  then  by 
a  sudden  bend  to  the  other.  Along  this  60  miles  are  located  on  the 
banks  of  the  river  the  towns  or  cities  of  Herkimer,  Little  Falls,  St. 
Johnsville,  Fort  Plain,  Canajoharie,  Palatine  Bridge,  Fonda,  Fulton- 
ville.  Fort  Hunter,  and  Amsterdam. 

The  located  line  along  this  60  miles  follows  generally  about  the  cen- 
ter of  the  valley,  utilizing  the  present  channel  of  the  Mohawk  as  far 
as  practical  and  cutting  through  and  across  the  bottom  lands  or  islands 
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where  deemed  advisable  for  various  existing  conditions  and  future 
maiiitenanee  and  operation  so  to  do.  At  Little  Falls,  for  a  distance 
of  about  '2  miles,  the  valley  contracts  to  a  narrow  gorge  through  which 
the  river  flows,  descending  by  a  series  of  dams  and  falls  a  height  of 
about  4i?  feet. 

A  short  distance  back  from  the  river  bank  on  each  side,  the  ground 
rises  by  either  steep  slopes  or  precipitous  rocky  cliffs  to  a  height  of 
several  hundred  feet  above  the  river.  At  this  place  the  canal  loca- 
tion leaves  the  river  at  about  the  upi)er  or  New  Yoi'k  State  dam  and 
follows  practically  the  location  of  the  Erie  Canal,  entering  the  river 
again  just  below  the  foot  of  Moss  Island  and  opposite  Lock  No.  30  of  Erie 
Canal. 

From  about  3  miles  above  Schenectady  to  the  village  of  Mohawk, 
about  1  mile  below,  the  valley  widens  out,  and  within  an  area  of  about 
2  miles  above  Schenectady  the  river  separates  into  several  branches, 
forming  three  large  islands,  and  again  converges  into  one  channel  at 
the  bridge  over  the  river  to  the  village  of  Scotia.  Within  this  area  of 
bottom  land  is  located,  on  the  south  side  of  the  river,  the  main  sec- 
tion of  the  city  of  Schenectady, 

The  canal  location  leaves  the  main  channel  at  the  upper  end  of  this 
valley  and  curves  through  the  bottom  land,  islands,  and  side  channels 
of  the  river;  enters  the  main  channel  again  at  the  Scotia  bridge,  and 
follows  the  same  closelj"  past  Mohawk  to  the  village  of  Rexford  P'lats, 
about  3  miles  below  Schenectady. 

From  Rexford  Flats  to  Vischer  Ferry,  a  distance  of  about  5  miles, 
the  general  direction  of  the  river  is  straight  after  passing  the  sharp 
bend  just  opposite  Rexford  Flats  and  its  bed  for  this  distance  is  con- 
fined for  the  most  part  between  almost  perpendicular  rock  cliffs. 

The  canal  location  cuts  across  the  rocky  point  of  land  to  the  south 
of  the  river  at  Rexford  Flats,  then  follows  the  present  channel  of  the 
river  to  about  H  miles  above  Vischer  Ferry,  whence  it  follows  along 
the  south  bank  and  close  to  the  Troy  and  Schenectady  branch  of  the 
New  York  Central  Railroad,  cutting  across  the  point  of  land  to  the 
south  of  the  river  opposite  Vischer  Ferry,  and  crossing  the  river  to 
the  north  side  just  below  the  ferry. 

From  Vischer  Feriy  to  the  highway'  bridge  over  the  river  at  Duns- 
bach  Ferrj',  a  distance  of  about  5  miles,  the  valley  widens  out,  attain- 
ing a  width  of  some  2  miles  opposite  Niskayuna,  which  is  about  1  mile 
below  and  on  the  opposite  side  of  the  river  from  Vischer  Ferry. 

The  canal  location  leaves  the  river  after  crossing  the  same  Inflow 
Vischer  Ferry  and  cuts  through  the  bottom  land  on  the  north  side 
between  the  Erie  Canal  and  the  Mohawk,  crossing  the  river  again  at 
Forts  Ferry  and  across  the  point  of  land  on  the  south  side,  again 
crossing  the  river  al)out  1  mile  above  Dunsbach  Ferry  and  through 
the  rocky  point  of  land  opposite  to  and  to  the  north  of  the  West  Troy 
Company's  dam,  <'nt<Miiii>:  the  ri\«M-  agaiti  at  Dunsbach  Ferry. 
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From  Dunsbach  Ferry  to  the  State  dam  opposite  Cohoes,  a  distance 
of  about  5  miles,  the  canal  location  follows  the  Mohawk  to  about  1 
mile  above  Crescent.  There  it  cuts  across  the  sharp  bend  in  the  river 
about  one-half  mile  to  the  south  of  the  same  and  crosses  the  river 
about  li  miles  below  Crescent,  cutting  through  the  small  bend  on  the 
north  side  and  entering  the  river  again  at  the  north  end  of  the  Cohoes 
Company's  dam  and  passing  down  the  same  until  the  flight  of  locks 
are  entered  along  the  top  of  the  bluff  opposite  and  to  the  north  of 
Cohoes  Falls,  passing  out  into  the  river  again  just  above  the  State 
dam  at  Cohoes. 

From  the  State  dam  at  Colioes  to  the  entrance  into  the  Hudson 
River  two  routes  were  considered,  one  being  almost  due  south  down 
the  south  branch  of  the  Mohawk  and  entering  the  Hudson  just  above 
the  Congress  street  bridge;  the  second  across  the  north  end  of  Simmons 
Island  and  through  about  the  center  of  Van  Schaicks  Island,  entering 
the  Hudson  about  one-fourth  mile  below  Twelfth  street  bridge  at 
Lansingburg,  The  second  of  these  two  routes  was  adopted  for  the 
comparative  estimate  between  this  route  and  route  down  Normans 
Kill. 

The  principal  condition  influencing  the  selection  of  the  line  across 
Van  Schaicks  Island  is  one  of  operation  rather  than  first  cost  of  con- 
struction, in  view  of  the  fact  that  it  would  undoubtedly  be  a  serious 
obstacle  to  successful  navigation  in  crossing  the  Mohawk  from  the 
Waterf  ord  to  the  Cohoes  side  or  the  reverse  by  vessels  in  times  of  high 
water,  necessitating  as  it  would  the  partial  damming  of  the  river  and 
the  full  force  of  flood  water  against  the  broadside  of  a  vessel. 

While  the  above  condition  will  partially  exist  for  the  location  across 
Simmons  Island,  the  difficulties  will  be  lessened  on  this  route  to  a  very 
appreciable  extent. 

The  conditions  governing  a  canal  location  along  this  Oswego  route 
proper  are  controlled  by  a  due  regard  to  the  elevation  of  the  rock 
surface,  where  within  the  limits  of  necessarj'^  excavation ;  the  practi- 
cable height  of  this  rock  surface  where  the  construction  of  locks,  dams, 
and  other  structures  is  contemplated;  the  influences  upon  construc- 
tion and  operation  of  the  water  courses,  large  or  small,  entering  the 
valley,  and  the  currents  resulting  therefrom  or  from  the  river  itself 
in  times  of  high  water;  and  a  canal  alignment  utilizing  as  far  as  prac- 
ticable the  present  channel  of  the  Mohawk,  coupled  with  a  due  regard 
to  the  elimination  of  all  curvature  when  practicable  and  a  reduction 
of  its  degree  of  sharpness  to  within  the  limits  of  practicable  navigation. 

The  above  considerations,  dependent  as  they  are  upon  the  physical 
features  of  the  route,  must  also  in  a  measure  be  subservient  to,  and 
due  consideration  given  to,  the  present  grade  and  location  of  the  rail- 
roads now  existing  and  in  active  operation  along  this  route;  the  large 
expense  incident  to  a  change  in  them  due  to  any  unusual  or  unprece- 
dented raising  of  the  low- water  level  or  flood  discharges  of  the  Mohawk 
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River  and  the  constuiiUMit  danuiges,  due  to  this  raising  of  the  watere, 
to  the  hiiuls  adjacent  tliereto,  the  improvements  thereon,  the  manu- 
facturing enterprises  and  vested  interests  dependent  upon  the  present 
existing  conditions;  the  injury,  if  any,  to  the  present  plans  for  the 
disposal  of  sewage  in  the  several  towns  and  cities  along  the  route, 
and  the  adapting  of  tlie  smmk'  t«»  the  new  fondit  ions  eonscipuMit  upon 
a  canal  construction. 

In  the  pi'oper  consideration  of  this  large  undertaking,  each  and 
every  one  of  the  above  conditions  must  be  given  its  due  consideration 
and  the  merits  of  each  interest  involved  that  is  sacrificed  for  the 
good  or  benefit  of  another  ov  for  tJie  whole  must  be  carefully  weighed 
and  the  fiiml  location  decided  upon,  not  only  after  a  due  regard  to 
each  with  reference  to  the  first  expense  incurred  in  the  carrying  out 
of  the  plans,  but  also  to  the  future  maintenance  and  operation  on  a 
safe,  economical,  and  business  basis  of  the  completed  work. 

Conditions  considered  in  comparison  of  30  and  21  feet  depth  of  chan- 
nels.— A  line  of  investigation  was  taken  up  by  the  United  States 
Board  of  Engineers  on  Deep  Waterways,  and  approximate  compara- 
tive estimates  authorized,  based  upon  the  following  propositions: 

First.  The  construction  of  a  30- foot  depth  of  channel  of  standard 
cross  section,  independent  of  the  Mohawk  River,  except  where  the 
same  is  canalized,  with  same  elevation  of  water  surface  in  the  canal 
and  river  and  rectifying  of  the  channel  of  said  river,  where  neces- 
sary, to  carry  all  flood  discharges  of  the  same  and  of  all  water  coui-ses 
entering  it. 

Second.  A  30-foot  depth  of  channel  of  such  increased  width  to 
carry  all  flood  discharges  in  the  valley,  with  a  velocity  of  flow  not 
exceeding  4  feet  per  second . 

Third.  A  21-foot  depth  of  channel  of  standard  cross  section,  under 
the  same  conditions  as  the  first  proposition. 

Fourth.  A  21-foot  depth  of  channel  of  standard  cross  section  not 
designed  to  carry  flood  waters,  and  wholly  independent  of  the  Mohawk 
River  except  where  crossing  the  same,  and  with  an  elevation  of  water 
surface  not  necessarily  conforming  to  that  of  the  river. 

Fifth.  A  21-foot  depth  of  channel  of  such  enlarged  width,  but  fixed 
depth,  to  carry  all  flood  discharges  in  the  valley,  utilizing  the  canal- 
ized river  where  practicable. 

In  the  consideration  of  each  of  the  above  five  propositions,  the 
existence  of  the  present  Erie  Canal  was  not  taken  into  consideration, 
it  being  recognized  that,  prior  to  the  construction  of  a  ship  canal 
along  this  route,  an  understanding  would  have  to  be  arrived  at  and 
an  agreement  entered  into  between  the  General  Government  and  the 
State  of  New  York  as  to  the  disposition  of  this  waterway. 

First  proposition. — The  width  of  the  canal  prism  for  30-foot  depth 
at  the  water  line  is  343  feet  in  earth  section  and  25(5  feet  in  rock  sec- 
tion.    The  investigation  of  the  first  proposition  developed  the  fact 
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that  to  construct  a  canal  under  these  conditions  along  a  location 
within  the  limits  of  practical  and  economical  construction  would 
involve  the  contraction  of  the  present  channel  and  valley  of  the 
Mohawk  to  such  an  extent  by  reason  of  the  necessary  width  for  a 
canal  and  the  space  required  for  the  spoiling  of  excavated  material 
that  no  room  would  be  left  for  discharging  the  flood  waters  of  the 
valley.  It  would  be  wholly  impracticable  to  attempt  to  deposit  this 
excavated  material  outside  of  the  limits  of  the  river  vallej'. 

The  heavy  expense  incident  to  the  rectification  of  the  river  and  the 
safe  protection  of  the  banks  of  the  canal  from  the  effects  of  floods, 
together  with  the  heavy  costs  for  damages  to  the  manufacturing  enter- 
prises, railroads,  etc.,  along  the  line,  resulting  from  unusual  or  unpre- 
cedented raising  of  the  waters,  would  all  combine  to  render  this  prop- 
osition neither  practicable  nor  economical  in  itself  or  in  comparison 
with  others. 

Second  proposition. — The  apparent  impracticability  of  the  first 
proposition  led  to  the  investigation  of  the  second  and  of  its  adoption 
for  the  30-foot  depth  of  channel  as  best  conforming  to  the  existing 
conditions  and  fulfilling  the  requirements  of  a  waterway  of  this 
magnitude.  A  compiling  and  careful  consideration  of  all  data  exist- 
ing and  available  at  the  time  this  work  was  begun,  combined  with  all 
information  obtained  during  the  progress  of  these  surveys,  as  to  the 
flood  heights  and  discharges  along  the  Mohawk  Valley  and  the  water 
courses  tributary  thereto,  led  to  the  adoption  b}"  the  United  States 
Board  of  Engineers  on  Deep  Waterways  of  the  sectional  areas  of  canal 
prisms  for  different  sections  of  the  work,  as  tabulated  further  on  in 
this  repoi-t,  starting  with  the  standard  bottom  width  for  earth  sec- 
tions of  203  feet  and  for  rock  sections  of  250  feet,  and  attaining  a 
maximum  at  Schenectady,  where  the  bottom  widths  for  earth  and  rock 
sections  are  respectively  460  and  527  feet. 

Third  proposition. — An  approximate  estimate  based  on  the  third 
proposition,  compared  with  the  second,  developed  the  advantage  of 
each,  as  far  as  first  cost  of  construction  is  concerned,  the  amount 
depending  upon  the  cost  of  rock  excavation.  The  necessary  rectifi- 
cation of  the  Mohawk  River  in  connection  with  the  third  plan  is  in 
itself  a  large  item  of  expense. 

Considering  this  from  about  3;^  miles  below  Little  Falls  to  the 
entrance  of  Schoharie  Creek,  a  distance  of  about  31  miles,  we  find  the 
width  of  the  present  channel  of  the  river  at  high- water  stages  varies 
from  about  325  feet  at  the  upper  end  to  500  feet  at  the  lower  end. 
The  sectional  area  of  the  river  necessary  to  carry  the  flood  discharges 
along  this  distance  with  a  velocity  not  exceeding  4  feet  per  second 
requires  a  surface  width  of  from  350  to  500  feet  and  a  bottom  width 
of  from  229  to  382  feet,  according  to  the  estimated  flood  heights  at 
different  points,  the  depth  of  section  ranging  from  29  to  34  feet,  with 
an  average  of  about  30  feet.     From  the  above  it  will  be  seen  that  in 
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the  rectification  of  this  river,  following  its  present  course,  we  have 
I)ractically  constructed  a  channel  equal  in  depth  and  exceeding  in 
sectional  area  tliat  lequired  for  a  ."JO-foot  canal  prism,  but,  of  course, 
with  an  alignment  impracticable  for  navigation  pnri)Oses.  It  is  self- 
evident,  from  an  inspection  of  the  maps,  that  it  is  more  economical 
construction  for  the  purposes  of  this  rectification  to  utilize  the  full 
width  of  the  river  and  increase  its  depth  rather  than  materiallj' 
increase  the  width  beyond  the  limits  of  the  present  banks  and  diminish 
the  depth. 

An  estimate  based  upon  the  unit  price  of  1  cubic  j'^ard  of  rock  exca- 
vation being  equal  in  cost  to  4  cubic  yards  of  earth,  showed  this  sec- 
tion of  about  31  miles  would  cost,  for  excavation  alone,  some  8400,000 
more  for  the  third  than  for  the  second  proposition,  but,  as  the  adop- 
tion of  the  former  would  involve  the  construction  of  some  8  miles  of 
retaining  wall  with  an  average  height  of  about  16  feet  and  a  total  cost 
of  some  $000,000,  the  total  cost  of  the  third  proposition  would,  includ- 
ing this  retaining  wall,  exceed  the  second  by  at  least  81,000,000  for 
this  distance  of  31  miles.  . 

For  the  30-foot  channel  under  the  second  proposition  this  expen- 
sive retaining  wall  would  be  replaced  bj*  slope  wall.  If  all  the  rock 
in  each  estimate  is  taken  at  a  unit  price  of  12  instead  of  4  tinies 
that  of  earth  on  the  basis  of  being  excavated  under  water,  as  the  case 
would  proliably  be,  then  the  cost  of  construction  will  be  in  favor  of 
the  third  proposition  bj'  some  $1,500,000.  For  the  distance  of  about 
10  miles  to  Herkimer,  above  the  31  miles  estimated  upon,  the  two 
propositions  would,  perhaps,  not  differ  materially  in  cost,  and  for  the 
distance  from  Schoharie  Creek  to  Rotterdam  Junction,  where  the 
adopted  location  leaves  the  river  and  enters  the  Normans  Kill  route, 
a  distance  of  about  16  miles,  the  advantage  in  cost  would  probabh'be 
in  favor  of  the  second  proposition.  Even  with  the  assumption,  which 
is  not  believed  to  be  true,  that  a  careful  comparative  estimate  of  the 
two  plans,  including  cost  of  structures  and  rights  of  way,  from  Her- 
kimer to  Rotterdam  Junction,  a  distance  of  some  59  miles,  would  show 
that  the  third  proposition  is  cheaper  than  the  second  by  as  much  as 
!$3,000,000  to  $5,000,000.  Even  this  amount  in  the  first  cost  of  a  work 
of  this  magnitude  and  importance  would  hardly  justify  the  construc- 
tion of  a  21 -foot  channel  with  a  rectified  river  in  preference  to  one  of 
30  feet  depth. 

Fourth  proposition. — The  fourth  proposition  involved  the  laj'ing 
down  on  the  maps  of  a  location  purely  with  reference  to  a  21-foot 
canal  of  standard  cross  section;  that  is,  a  bottom  width  of  215  feet  for 
earth  sections  and  240  feet  for  rock  sections,  with  a  width  at  low- water 
line  of  31  y  and  244  feet,  respectively,  the  idea  being  not  to  improve 
or  rectify  the  present  channel  of  the  Mohawk  River  or  attempt  to 
control  its  fiood  discharges  except  where  necessary  solely  for  the  con- 
struction of  the  21-foot  navigable  channel.     This  location,  Avhicli  was 
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considered  impracticable  and  is  not  shown  on  the  maps,  follows  the 
same  location  as  the  30-foot  canal  from  Herkimer  to  about  1^  miles 
east,  then  diverges  from  the  same  and  follows  along  the  bottom  land 
between  the  river  and  the  Erie  Canal,  entering  the  30-foot  canal  loca- 
tion opposite  the  upper  dam  at  Little  Falls,  and  following  this  location 
to  about  3  miles  below.  Here  it  diverges  and  crosses  a  bend  in  the 
river  just  above  the  Rocky  Rift  Dam,  and  also  crosses  the  Erie  Canal 
above  and  below  Indian  Castle.  It  then  continues  between  the  river 
and  Erie  Canal  to  about  2^  miles  below  St.  Johnsville,  where  the  loca- 
tion is  close  along  the  West  Shore  Railroad.  The  location  would  pass 
through  about  the  center  of  that  portion  of  Fort  Plain  between  the 
railroad  and  Erie  Canal. 

From  Fort  Plain  to  Canajoharie  it  passes  along  between  the  Erie 
Canal  and  river,  cutting  out  a  small  section  of  the  Erie  Canal  at 
Canajoharie,  and  continuing  east  close  along  the  north  side  of  said 
canal  to  Sprakers  and  entering  the  canalized  river  for  the  30-foot 
canal  where  the  valley  contracts  at  "The  Noses,"  about  1^  miles 
above  Yatesville.  From  this  point  it  follows  the  30-foot  location  for 
about  1  mile,  then  crosses  to  the  north  side  of  the  river  and  enters 
separate  canal  about  one-half  mile  below  Yatesville,  and  follows  close 
along  the  New  York  Central  Railroad  until  it  enters  30-foot  channel 
of  canalized  river  just  above  Schoharie  Creek  and  continues  east  in 
the  same. 

The  above  location  from  Herkimer  to  the  head  of  the  locks  at  Little 
Falls  would  have  a  low-water  surface  in  the  canal  of  305  and  a  bottom 
elevation  of  344  feet.  The  water  in  the  canal  and  river  would  be  the 
same  elevation  for  this  distance.  The  lock  of  11-foot  lift  and  the 
dam  with  a  weir  length  of  1,000  feet  at  Jacksonburg  would  not  be 
needed.  This  plan  would  require,  however,  the  diversion  of  the 
river  to  the  north  just  below  Jacksonburg  for  a  distance  of  about 
4,300  feet  and  also  above  Little  Falls  for  a  distance  of  about  2,700 
feet. 

No  estimate  was  made  for  this  portion  of  the  21-foot  channel,  as  it 
would  unquestionably  be  cheaper  than  the  30-foot  channel.  The 
sectional  area  of  the  30-foot  channel  for  this  distance,  the  standard 
bottom  width  being  retained,  would  have  a  depth  of  about  7  feet  in 
excess  of  that  necessary  to  provide  for  the  flood  discharges,  but,  on 
account  of  the  elevation  of  the  rock  surface  between  Herkimer  and 
Little  Falls,  it  was  found  to  be  more  economical  construction  to  retain 
the  standard  depth  of  21  feet  and  increase  the  bottom  width  about  50 
feet  to  carry  the  flood  waters  in  the  21-foot  channel  as  far  east  as 
Little  Falls. 

The  excavation  for  the  double-tandem  locks  at  Little  Falls,  being 
of  less  width  and  length,  would  be  cheaper  for  the  21-foot  than  the 
30-foot  can^l,  as  would  also  the  section  from  the  foot  of  the  locks  to 
about  Si  miles  below  Little  Falls,  where  the  21-foot  canal  separates 
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from  the  30-foot.  From  tliis  point  to  Schoharie  Creek,  a  distance  of 
about  31  miles,  a  comparative  estimate  was  made  ])etween  the  fourth 
proposition  and  the  adopted  3(>-foot  channel,  second  propositi(m. 
This  estimate  embraced  the  necessary  double-face  and  retaining 
walls,  protection  of  slopes  on  the  river  side,  estimates  for  pud<lling, 
and  the  necessary  diversion  of  the  channel  of  the  Mohawk  River,  all 
of  which  are  not  required  for  the  30-foot  canal.  No  land  damages  or 
structures  were  included. 

The  adoption  of  this  line  would  involve  some  (3  miles  of  river  diver- 
sion at  different  points  along  the  line,  the  cutting  out  of  the  Erie  Canal 
for  about  2^  miles  just  below  St.  Johnsville  and  also  for  about  one-half 
mile  at  Canajoharie,  also  a  crossing  of  the  West  Shoi-e  Railroad,  unless 
the  location  was  shifted,  about  1  mile  above  and  also  about  one-half 
mile  below  Fort  Plain.  Two  dams  would  have  to  be  constructed  to 
impound  the  waters  of  the  Mohawk,  one  near  the  present  Rocky  Rift 
dam,  the  crest  of  the  masonry  of  which  is  now  319  feet  elevation,  with 
a  weir  length  of  about  350  feet  and  a  crest  elevation  of  322  feet,  the 
other  (Station  0510)  about  three-fourths  of  a  mile  below  Yatesville, 
with  a  weir  length  of  500  or  600  feet  and  a  crest  elevation  of  285  feet. 
Just  above  this  last  dam  the  canal  crosses  from  the  south  to  the  north 
side  of  the  river.  Five  locks  would  be  required;  one  a  guard  lock  to 
regulate  the  low  water  in  the  canal  just  below  the  Rocky  Rift  dam, 
the  flood  height  on  this  dam  probably  at  times  attaining  an  elevation 
of  about  327  feet;  a  lock  with  a  lift  of  22  feet  near  Mindenville;  one 
with  a  lift  of  15  feet  (near  Station  6050)  about  1^  miles  above  Cana- 
joharie; a  guard  lock  (about  Station  6510)  about  three-fourths  of  a 
mile  below  Yatesville  to  regulate  low  water  in  the  canal,  and  one  with 
a  lift  of  15  feet  just  above  Schoharie  Creek.  The  low- water  level  below 
this  last  lock,  where  the  21-foot  canal  enters  the  30-foot  canal,  would 
be  elevation  270.  Castle  Creek  enters  canal  at  Station  5394,  requiring 
spillway.  Otsquaga  Creek  enters  the  canal  at  Station  5950,  and  would 
require  a  spillway;  also  Canajoharie  Creek  at  5920,  requiring  spillway; 
Cayadutla  Creek  enters  at  Station  6710,  requinng  spillway. 

The  dams  for  the  30-foot  channel  at  Mindenville  900  feet  long,  at 
Palatine  Bridge  1,000  fcM^t  lonir.  nut}  at  Fultouvillo  l.Ooo  f,M^t  long, 
would  not  be  required. 

About  14  (jf  the  31  miles  of  the  above  21-fool  eluinnel  would  have  a 
low- water  sui'face  ranging  from  4  to  17  feet,  and  an  average  of  10  feet 
above  low  water  in  the  river.  The  sides  and  bottom  of  the  canal  for 
the  greater  part  of  this  distance  being  in  sand  or  gravel,  will  require 
puddling,  estimate  for  which  is  included. 

The  item  of  excavation  alone,  based  upon  earth  at  a  unit  price  of 
15  cents  per  cubic  yard  and  rock  at  00  cents  per  cubic  j'ard,  shows  a 
difference  between  the  21-foot  and  30-foot  channels,  propositions  four 
and  two,  respectively,  of  some  ^,980,000  in  favor  of  the  21-foot  channel 
for  the  31  miles  from  about  3^  miles  below  Little  FalLs  to  Schoharie 
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Creek.  The  estimate  for  this  distance  for  double  face  walls  between 
the  canal  and  the  river,  retaining  walls,  slope  walls,  embankments, 
and  puddling  (all  being  needed  for  the  21-foot  channel  but  not  for  the 
30-foot  channel)  shows  a  total  of  some  $4,529,000.  This  last  item  can- 
eels  the  above  amount  in  favor  of  the  21-foot  channel,  and  shows  a 
balance  of  $549,000,  the  difference  between  the  two  estimates,  in  f  ivor 
of  the  30-foot  channel. 

The  above  comparative  estimate  does  not  include  the  cost  of  two 
dams  for  the  21-foot  channel,  with  a  total  crest  lengtli  of  about  900 
feet,  and  2  guard  locks  and  3  other  locks,  with  a  total  lift  of  52  feet. 
It  also  does  not  include  3  dams  for  the  30-foot  channel,  with  a  total 
crest  length  of  2,900  feet  and  3  locks,  with  a  total  lift  of  52  feet. 
These  items  of  first  cost,  if  added,  would  probablj'^  still  leave  a  small 
balance  in  favor  of  the  30-foot  cliannel,  as  far  as  first  cost  of  con- 
struction is  concerned,  and  an  unquestionably  large  advantage  as  a 
navigable  waterway,  commensurate  with  an  enterprise  of  this  magni- 
tude and  importance. 

Fifth  proposition. — Preliminary  estimates  showed  this  proposition 
was  probably  cheaper  than  the  second,  from  Herkimer  as  far  east  as 
the  "Little  Nose"  (Station  6390),  about  64 miles  above  Fultouville. 

Final  estimates  proved  this. 

There  is  less  earth  excavation  by  some  2,700,000  cubic  yards,  and 
less  rock  excavation  by  some  5,700,000  cubic  yards,  and  the  total  cost 
is  less  by  some  $6,000,000  for  the  21-foot  than  30-foot  channel  foi-  this 
distance  of  about  30  miles.  Of  course  the  saving  in  cost  of  the  21- 
foot  channel  over  the  30-foot  will  be  greater  proportionally  for  the 
line  west  of  Herkimer  and  from  where  the  location  leaves  the  Mohawk 
and  follows  the  Normans  Kill  route. 

From  the  "Little  Nose"  eastward  to  Rotterdam,  where  the  Nor- 
mans Kill  line  really  begins,  a  distance  of  about  26  miles,  the  21-foot 
channel  would  have  to  be  enlarged  for  width  and  depth  to  such  an 
extent  to  cany  the  flood  discharges  that  it  would  practically  coincide 
with  the  30-foot  channel. 

NiSKAYuxA- Albany  Route,  via  Shakers. 

This  route  leaves  the  Oswego  route  proper  just  above  Niskayuna, 
and  extends  in  a  south  and  southeast  direction  across  country,  pass- 
ing just  to  the  east  of  Shakers  Village  and  West  Albany,  and  enter- 
ing the  Hudson  River  opposite  Bath,  about  1  mile  above  Albany,  N.  Y. 

A  preliminary  survey  was  made  of  this  line  on  December  16,  17, 
and  18,  1897,  from  the  Hudson  River  and  toward  Niskayuna,  it  being 
one  of  the  three  routes  examined  with  a  view  to  a  cross-country  cut- 
off line  from  the  Mohawk  to  the  Hudson,  more  direct  and  probably 
cheaper  than  the  circuitous  route  via  the  Mohawk  River. 

This  line  was  surveyed  by  stadia,  the  needle  being  used  and  alter- 
nate stations  being  occupied. 
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Later,  this  line  apparently  developing  possibilities  more  favorable 
than  the  line  previously  run  in  a  similar  manner  via  Town  House 
Corners,  a  more  detailed  survey  was  begun  of  the  route  in  December, 
1808,  with  a  view  to  its  development,  the  borings  up  to  that  time  indi- 
cating favorable  conditions. 

The  notes  of  the  preliminary  survey  were  worked  up  and  an  approx- 
imate canal  location  projected  and  profile  made  with  a  proposed  water 
surface  for  the  canal  of  elevation  about  195  above  datum  from  the 
Mohawk  to  within  about  2  miles  of  the  Hudson,  where  a  flight  of 
locks  descending  to  the  Hudson  would  begin.  This  line,  about  10 
miles  in  length,  would  involve  excavation  for  its  entire  length,  the 
maximum  depth  of  cut  on  the  flat  summit  being  about  155  feet,  and 
an  average  cutting  of  about  100  feet  for  some  G  miles. 

It  would  have  saved,  in  actual  distance  between  terminal  points, 
about  8  miles.  Borings  were  begun  on  this  line  the  latter  part  of 
November,  1898,  and  continued  until  latter  part  of  January,  1899. 
These  borings  developed  rock  for  lock  sites  within  practicable  depth 
at  the  Albany  end. 

Rock  was  also  encountered  in  the  borings  as  far  as  about  4  miles 
northwest  from  the  Hudson  at  depths  ranging  from  40  to  70  feet  below 
the  surface,  when  it  dipped  down  and  no  rock  was  found  between  this 
point  and  where  the  borings  were  stopped,  about  1  mile  north  of 
Shakers  Village,  at  depths  ranging  from  115  to  190  feet  below  the 
siTrface. 

The  material  overlying  the  rock  at  the  Albany  end,  and  for  about  4 
miles  going  northwest,  was  principally  sand  and  sand  and  gravel 
mixed,  with  some  blue  clay,  which  increased  going  northwestward. 
The  material  encountered  where  no  rock  was  found,  through  the  flat 
summit  at  Shakers  and  to  the  southeast  and  northwest  of  there,  was 
fine  sand  and  quicksand,  with  strata  of  blue  clay  Iji  some  of  the  bor- 
ings. Strong  flowing  streams  of  water  were  encountered  in  several  of 
the  borings  on  this  summit  at  depths  of  over  100  feet  below  the  sur- 
face; this  water  when  struck,  in  two  instances,  rising  to  the  surface, 
and  freely  flowing  from  the  borings  after  the  casing  was  drawn. 

Through  this  summit  cut  quicksand  over  100  feet  in  depth  was 
encountered,  and  it  was  this  condition  that  caused  the  abandonment 
of  this  lino  and  the  stopping  of  all  detailed  snivevs  ;nid  mjips  of  the 
same. 

Niskayuna-Albany  Route,  via  Town  House  Uorneus. 

This  route  leaves  the  Oswego  route  proper  just  above  Niskayuna 
and  extends  in  a  generally  southeast  direction  across  country,  passing 
through  Watervliet  Center  and  about  three-fourths  of  a  mile  to  the 
south  of  Town  House  Corners,  thence  southeast  down  a  small  sti'cam, 
crossing  the  Delaware  and  Hudson  Railroad  and  entering  the  Hudson 
River  near  the  foot  of  Hillhouse  Island  and  about  3  miles  above 
Albanv,  X.  Y. 
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A  preliminary  stadia  survey,  similar  to  that  made  of  the  line  via 
Shakers,  was  made  of  this  line  on  November  24  and  25,  1897.  A  map 
of  the  same  was  made  and  a  canal  location  projected  thereon  and  pro- 
file of  the  same  made.  Borings  were  begun  on  this  line  the  latter  part 
of  January,  1890,  and  continued  until  the  middle  of  Februarj^  1899. 

A  proposed  water  surface  of  about  elevation  192  above  datum  was 
considered.  This  water  surface  extended  from  the  Mohawk  to  within 
about  3  miles  of  the  Hudson,  where  the  descent  to  the  river  by  locks 
began 

The  total  length  of  this  line  was  about  9  miles,  and  it  would  have 
saved  in  distance  between  terminal  points  about  Gf  miles. 

It  would  involve  excavation  for  the  entire  length  of  9  miles,  the 
average  depth  of  cutting  for  about  5|  miles  being  about  100  feet.  The 
summit  cut  was  about  140  feet.  About  3  miles  of  the  summit  cut 
would  have  been  rock  excavation,  tlie  surface  of  the  rock  being  from 
20  to  40  feet  below  tlie  surface,  as  indicated  by  borings  there. 

The  rock  dipped  down  rapidly  to  the  northwest  from  the  suiiiiiiit 
cut  at  the  highway  crossing  leading  to  Town  House  Corners,  and  at 
a  distance  of  2  miles  westward  of  above  point  the  borings  indicated 
no  rock  at  elevation  100  above  datum,  which  was  about  130  feet  below 
the  surface  of  the  ground  there. 

From  this  point  to  near  Watervliet  Center,  a  distance  of  about  1 
mile,  quicksand  was  struck  at  about  elevation  240  above  datum,  and 
continued  to  elevation  150,  wliich  was  as  far  as  the  borings  were  car- 
ried. The  encountering  of  this  quicksand  caused  the  abandonment 
of  this  line  also. 

Schenectady-Cedar  Hill  Route. 

This  route,  as  first  considered,  was  intended  to  leave  the  Oswego 
route  proper  about  3  miles  above  Schenectady,  thence  follow  a  gen- 
erally south  direction  across  country  for  about  6  miles,  passing 
through  the  summit  at  South  Schenectady  and  about  1^  miles  east  of 
Dunns ville,  where  the  head  of  the  valley  of  Normans  Kill  is  entered, 
thence  down  the  valley  of  this  stream  to  within  about  2  miles  north- 
west of  Slingerlands,  there  leaving  the  Normans  Kill  and  passing 
through  the  western  outskirts  of  the  village  of  Slingerlands,  and  cross- 
ing the  Albany  branch  of  the  West  Shore  Railroad  about  1  mile  to 
the  south  of  Wemple  Station,  and  entering  the  Hudson  River  just 
below  Cedar  Hill  Landing. 

A  preliminary  stadia  survej'  of  this  line  was  made  during  the  last 
week  in  October  and  the  first  part  of  November,  1898.  A  map  and 
profile  were  drawn  with  a  view  to  a  preliminarj"  study  of  the  line,  and 
preliminary  borings  begun  about  the  middle  of  Februarj^  1899,  on 
the  summit  at  South  Schenectady. 

The  first  intention  was  to  impound  the  waters  of  the  Mohawk  bj'  a 
dam  about  2  miles  above  Schenectady  to  elevation  225,  above  datum, 
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and  carry  this  level  to  about  2^  miles  southeast  of  French  Mills,  where 
a  (lam  and  lock  with  a  lift  of  about  20  feet  was  proposed;  from  this 
point  to  carry  a  water  level  of  205  throujjch  the  summit  at  Slingerhmds 
by  a  dam  of  about  100  feet  above  the  surface,  and  with  a  crest  lengrth 
of  about  1,(500  feet,  across  the  Normans  Kill  about  2  miles  northwest 
of  Slingerlands,  where  the  proposed  location  left  the  Normans  Kill. 

This  water  surface  of  elevation  205  was  to  be  carried  to  alx)ut  3 
miles  southeast  of  Slingerlands,  where  two  locks,  with  a  total  lift  of 
40  feet,  were  proposed.  From  this  point  a  water  surface  of  elevation 
165  was  to  be  carried  to  within  about  three-fourths  of  a  mile  of  the 
West  Shore  Railroad  crossing,  where  it  was  proposed  to  begin  to  look 
down  by  a  flight  of  locks  to  the  Hudson. 

Rock  was  found  within  practicable  depths  for  this  last  flight  of  locks 
and  also  for  the  two  locks  proposed  about  3  miles  southeast  of  Sling- 
erlands, although  the  length  of  the  rock  surface  here  was  of  barely 
sufficient  length  for  two  locks  in  tandem,  and  it  was  the  only  rock 
developed  by  the  borings  on  this  line  from  the  last  flight  of  locks  to 
the  lock  about  2^  miles  southeast  of  French  Mills. 

No  rock  was  found  for  the  high  dam,  about  lOo  feet  above  the  sur- 
face, at  the  point  of  divergence  from  Normans  Kill,  and  it  was  this 
fact,  together  with  the  long  cut  through  the  Slingerlands  summit  of 
some  3^  miles  with  an  average  depth  of  40  feet  through  blue  clay,  and 
the  large  area  flooded  b}'  the  high  dam,  that  led  to  the  abandonment 
of  this  line  and  the  examination  of  the  route  continuing  down  Nor- 
mans Kill  to  the  Hudson  and  its  final  adoption  for  the  canal  location. 

SCHENECTADY-NORMANS   KiLL  RoUTE. 

This  route,  as  first  authorized  for  consideration  by  the  United  States 
Board  of  Engineers  on  Deep  Waterways,  was  intended  to  leave  the 
Mohawk  at  the  same  point  as  the  Schenectady-Cedar  Mill  line,  but  it 
was  later  deemed  the  best  and  cheapest  construction  to  leave  the 
Oswego  Route  proper  by  separate  canal  at  Rotterdam  Junction  and 
pass  through  the  summit  at  South  Schenectady  with  a  water  surface 
of  240  instead  of  225.  With  this  exception  the  route  is  the  same  as 
described  for  the  Schenectad3--Cedar  Hill  line  to  within  about  2  miles 
of  Slingerlands,  where,  instead  of  leaving  the  Normans  Kill  via  Sling- 
erlands to  the  Hudson,  the  location  as  adopted  follows  down  the  val- 
ley of  this  stream,  with  the  exception  of  several  points  of  land  cut 
through  to  its  entrance  into  the  Hudson  River  about  2^  miles  below 
Albany. 

Field  work. — Preliminary  borings  as  taken  during  February,  March, 
and  April,  1891),  along  this  line,  indicating  favorable  conditions,  field 
work  was  resumed  in  the  spring  of  1899,  and  detailed  siu-veys  of  this 
route  begun. 

A  transit  and  level  party  combined  began  work  at  the  Mohawk  end 
of  the  route  on  April  17,  1899,  and  a  stadia  party  on  April  19,  follow- 
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ing  the  transit  party.  These  surveys  involved  not  only  the  mapping 
of  the  line  of  location  as  shown  on  tlie  preliminary  map  made,  but 
also  in  a  general  way  a  large  area  probably  subject  to  overflow,  when 
the  line  was  later  to  be  considered  on  the  detail  maps  when  drawn. 
A  few  days  were  also  spent  in  obtaining  some  additional  data  found 
necessary  on  the  east  side  of  the  Mohawk  opposite  Cohoes  Falls,  and 
on  Van  Schaicks  and  Green  islands.  All  the  surveys  were  completed 
on  June  1,  1899. 

Office  ivork. — The  reduction  of  the  field  notes  of  this  survey  were 
made  between  June  1  and  10,  at  Slingerlands,  N.  Y.,  where  the  ottice 
of  the  assistant  engineer  was  located,  and  the  force  then  disbanded. 
Four  assistants  were  transferred  to  the  Detroit  office  to  aid  the  force 
there  in  the  plotting  and  drawing  of  the  maps  of  this  route  and  the 
computing  of  the  estimates  of  quantities  then  in  progress. 

The  assistant  engineer,  as  instructed  by  the  Board,  remained  in  the 
field  to  direct  and  superintend  the  detail  borings  then  in  progress  on 
this  line,  and  which  wei-e  completed  the  middle  of  July,  1899,  and 
also  to  direct  certain  additional  borings  at  proposed  dam  and  lock 
site  at  Fultonville,  Amsterdam,  Cranesville,  Rotterdam  Junction,  and 
for  the  dam  for  the  Normans  Kill  route  above  Schenectady.  These 
were  finished  about  August  1,  and  the  boring  parties  disbanded  and 
the  assistant  engineer  returned  to  Detroit. 

ARTIKICIAT,   FEATURES. 

Railroads. — The  West  Shore  Railroad,  which  follows  down  the 
Mohawk  Valley  and  leaves  the  same  going  south  about  ^5  miles  above 
Schenectady,  crosses  the  Delaware  and  Hudson  Railroad  at  right 
angles  at  South  Schenectady.  The  canal  location  for  this  route 
crosses  both  of  these  railroads  in  the  summit  cut  here  for  the  canal 
just  to  the  west  of  where  the  roads  cross. 

It  also  again  crosses  the  West  Shore  at  the  cut  through  the  hill  at 
French  Mills,  where  the  West  Shore  branch  to  the  New  York  Central 
Railroad  begins.  The  next  crossing  is  the  Susquehanna  division  of 
the  Delaware  and  Hudson,  where  this  road  now  crosses  the  Normans 
Kill,  about  1  mile  above  where  this  stream  enters  the  Hudson  River. 

The  canal  location  as  adopted  will  involve  a  change  in  location  of 
this  railroad  here,  which  is  estimated  for.  The  fifth  and  last  railroad 
crossing  will  be  just  before  entering  the  Hudson,  where  the  line 
crosses  the  Alban}^  branch  of  the  West  Shore  Railroad. 

Dams. — There  are  five  dams  across  the  Normans  Kill  along  this 
route.  The  first  of  these  is  about  800  feet  above  where  the  West 
Shore  Railroad  crosses  this  stream  at  French  Mills.  It  is  about  11 
feet  high,  with  a  crest  length  of  about  210  feet;  elevation  of  crest, 
238.5.  The  bed  of  the  stream  here  is  rock.  It  serves  to  supjily  power 
by  mill-race  way  some  1,200  feet  in  length  to  a  gristmill  located  there. 
The  second  dam,  known  as  the  Henkle  dam,  is  about  500  feet  above 
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till'  l>ij2:hway  bridge  over  Normans  Kill  at  Xormaiisville.  It  is  a  log 
dam  about  ioU  feet  in  length  and  with  a  crest  elevation  of  07.7. 

It  serves  to  form  slack  water  in  the  stream,  from  which  ice  is  cut  to 
supply  the  brewer^'  ice  houses  located  there.  The  third  dam,  known 
as  the  Harden  dam,  is  al)out  400  feet  beh)w  the  bridge  at  Normans- 
ville.  It  is  a  log  dam  about  210  feet  in  length,  with  a  crest  elevation 
of  87.6.  It  serves  to  supply  power  by  a  wooden  penstock  to  a  small 
one-story  paper  mill,  about  200  feet  below  the  dam. 

The  fourth  dam  is  about  1,600  feet  above  the  highway  bridge  cross- 
ing this  stream  at  Kenwood.  It  is  a  log  dam,  about  9  feet  high  and 
with  a  crest  length  of  al)out  190  feet;  elevation  of  crest,  67.7.  Power 
is  supplied  from  this  dam  by  means  of  a  turbine  wheel  located  there 
and  transmitted  by  wire  cable,  suspended  on  pulleys,  to  the  gristmill 
located  at  the  soutli  end  of  the  bridge  at  Kenwood. 

The  fifth  and  last  dam  across  this  stream  is  about  100  feet  above 
Kenwood  Bridge.  It  is  a  crib  dam,  about  16  feet  high,  with  a  crest 
length  of  about  160;  elevation  of  crest,  24.5.  It  formerly  supplied 
power  through  turbine  wheels  located  here  to  a  cotton  mill  at  the 
north  end  of  the  dam.  This  mill  was  recentlj'  destroyed  by  fire  and 
has  not  been  rebuilt. 

Highway  crossings. — The  present  line  as  located  crosses  24  high- 
waj'S  from  the  Mohawk  to  the  Hudson.  This  number  could  easily  be 
reduced  without  serious  inconvenience  to  travel  to  13  by  the  con- 
struction of  short  lengths  of  new  road. 

PHYSICAL  CHARACTERISTICS. 

Material — From  Rotterdam  Junction  {station  7754-)  to  station  8033. — 
The  borings  indicate  no  rock  for  this  distance,  except  between  sta- 
tions 7905  and  7941,  a  distance  of  3,600  feet.  For  this  distance,  the 
lower  end  of  which  is  at  Lock  No.  24  of  the  Erie  jCanal,  the  borings 
indicate  soft  shale  rock  at  about  elevation  190  above  <latum  along  the 
south  bank  of  the  river. 

This  rock  outcrops  along  this  distance  in  the  bed  of  the  Erie  Canal, 
elevation  about  239,  also  along  the  steep  hillside  to  the  south  of  the 
Erie  Canal  above  Lock  No.  24,  but  dips  down  below  the  proposed  grade 
of  the  canal  to  the  south  of  Lock  No.  24,  and  does  not  appear  again 
until  it  outcrops  in  the  bed  of  the  small  stream  near  station  8033,  in 
the  mouth  of  the  ravine  heading  toward  South  Schenectady.  The 
material  for  this  distance  is  for  the  most  part  sand  and  sand  and 
gravel  mixed  with  strata  of  blue  clay  or  blue  clay  and  saiul  mixed. 

The  point  of  land  cut  through  to  the  south  of  the  river,  where  the 
line  crosses  the  Fitchburg  Railroad,  is  mostly  blue  clay  underlying  a 
depth  of  about  15  feet  of  soil.  The  point  of  land  cut  through  to  the 
north  of  the  river,  just  below  the  Fitchburg  Bridge,  is  gravel  and 
cobblestones  underlaid  with  blue  clay  and  overlaid  with  about  20 
feet  of  soil. 
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To  the  south  of  Lock  No.  24,  until  the  rock  outcrop  is  encountered 
at  about  station  8033,  the  material  is  for  the  most  part  sand,  with 
small  amounts  of  gravel  and  blue  clay. 

From  station  8033,  ahout  1  mile  north  of  South  Schenectady,  to  sta- 
tion 8417,  ahout  JfOO  feet  beyond  the  West  Shore  Bailroad  crossing  at 
French  Mills. — The  proposed  elevation  of  the  bottom  of  the  canal  for 
this  distance  is  210  feet  above  datum. 

The  elevation  of  the  summit  at  !:>outli  Schenectady  is  350.  P'or  the 
above  distance  of  7|  miles  from  stations  8033  to  8417  the  canal  is 
entirely  in  excavation.  Slate  rock  bedded  in  thin  horizontal  la3^ers 
outcrops  at  the  beginning  of  this  section  in  the  bed  of  th§  small 
stream  up  which  the  location  passes  and  also  along  its  banks. 

The  borings  indicate  rock  in  the  summit  cut  at  South  Schenectady 
at  a  depth  below  the  surface  of  about  25  feet,  sloping  down  rapidly  to 
the  north,  where  it  outcrops  in  the  bed  of  the  small  stream,  as  above 
stated. 

It  also  descends  rapidly  to  the  south  and  dips  down  below  the  grade 
of  the  canal  about  three-fourths  of  a  mile  to  the  south  of  the  summit. 
The  material  overlying  this  rock  is,  on  the  summit,  black  and  yellow 
sand,  this  being  mixed  with  cobblestones  as  the  surface  of  the  rock 
is  approached. 

Southward  from  the  summit  to  where  the  rock  disappears  the  bor- 
ings indicate  a  mixture  of  blue  clay  and  gravel,  which  was  very  diffi- 
cult to  penetrate,  or  else  fine  black  sand  overlying  the  rock,  and, 
above  this,  sand  or  sand  and  gravel  mixed  to  the  surface. 

In  one  boring  at  the  south  end  of  the  rock  surface  a  belt  of  quick- 
sand 40  feet  in  depth  was  encountered,  but  the  elevation  of  the  bot- 
tom of  this  was  75  feet  above  the  bed  of  the  canal,  the  cut  at  this 
point  being  about  130  feet.  The  borings  indicate  no  rock  from  about 
three-fourths  of  a  mile  south  of  the  summit  for  a  distance  of  about  3 
miles  going  south  (stations  8123  to  8263).  The  material  as  indicated 
for  this  distance  is  fine  black  and  yellow  sand,  in  places  mixed  with 
small  gravel,  with  thin  strata  of  sand  and  clay  or  sand  and  shale 
mixed.  The  average  cutting  for  this  distance  of  3  miles  is  about  85 
feet. 

From  station  82(33,  about  3f  miles  south  of  the  summit,  to  Fi-ench 
Mills,  rock  was  encountered  at  from  elevation  210,  the  bottom  of  the 
canal  here,  to  elevation  240,  except  in  the  bottom  land  just  to  the 
north  and  south  of  the  high  point  of  land  cut  through  at  French  Mills, 
where  the  elevation  of  the  rock  surface  ranged  from  182  to  195. 

The  material  overlying  the  rock  and  extending  to  the  surface  for 
this  distance  is  coarse,  dark  sand  and  small  gravel  mixed  with  stiff, 
blue  clay  and  some  cobblestones,  and  penetration  through  the  same 
was  difficult  and  tedious.  This  material  is  characteristic  of  this  route 
as  far  east  as  station  86G3,  which  is  at  the  highway  crossing  leading 
to  Voorheesville. 
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The  combined  ingredients  mentioned  above  form  a  liard,  compact 
mass,  and  yet  quite  different  from  the  cemented  gravel  outcropping 
in  places  along  the  Mohawk  Valley.  This  cemented  gravel  resisted 
attempts  to  crack  it  to  pieces  with  a  small  liammer,  an<l  formed  a 
mass  almost  equal  in  strength  to  the  best  concrete,  whereas  this 
material  could  be  shattered  with  a  sharp  blow  when  in  a  thoroughly 
dry  mass.  The  same  material  outcrops  in  steep  banks  at  the  sharp 
bend  in  Normans  Kill,  about  2^  miles  southeast  of  French  Mills.  It 
stands  at  an  almost  perpendicular  slope  and  resists  erosion  to  a 
marked  degree  and  shows  no  tendency  to  slide. 

A  boring  in  the  point  of  land  cut  through  at  French  Mills  indicated 
soft  blue  and  j^ellow  clay  to  a  depth  of  75  feet  below  the  surface,  and 
beneath  this  about  20  feet  of  black  sand  and  clay  mixed. 

From  French  Mills  {station  8417)  to  Highway  Crossing  to  Voor- 
heesviUe  {station  8663). — For  the  above  distance  of  4f  miles  there  is 
little  or  no  excavation,  the  bottom  land  of  the  Normans  Kill  being  at 
about  the  same  elevation  as  canal  bottom,  the  principal  exception 
being  about  2|  miles  southeast  of  French  Mills,  where  the  location  is 
shifted  to  the  hill  to  the  south  of  the  stream  to  obtain  a  rock  founda- 
tion for  the  locks  located  there.  Soft  slate  rock  outcrops  in  the  bed 
of  Normans  Kill  just  above  and  below  French  Mills;  also,  steep  slate 
cliffs  are  on  each  side  of  the  stream  there,  and  extend  along  the  west 
side  of  the  stream  for  a  distance  of  about  1  mile  below  French  Mills. 

This  rock  is  bedded  horizontally,  and  along  the  cliffs  above  referred 
to  strata  of  harder  rock  is  found  from  2  to  4  feet  in  thickness,  with 
soft  shale  above  and  below  the  same. 

The  borings  developed  rock  about  2  miles  below  French  Mills  at 
an  elevation  of  from  255  to  275  above  datum.  This  rock  surface 
was  barely  of  sufficient  length,  however,  for  the  location  of  one  lock. 
About  one-half  mile  below  this  place,  where  there  is  a  sharp  bend  in 
the  stream,  slate  rock  outcrops  in  thin  horizontal  layers  in  the  bed  of 
the  stream,  and  also  in  a  perpendicular  cliff  to  the  south  of  the 
stream.  The  borings  also  developed  rock  at  a  depth  of  from  120  to  165 
feet  above  datum  in  the  hill  to  the  south  of  the  sharp  bend  and  to 
the  south  of  the  stream.  This  is  the  last  rock  found  on  this  route 
to  within  about  1  mile  above  Normansville.  The  character  of  the 
material  from  French  Mills  to  station  8G63  is  for  the  most  part  the 
same  as  that  found  for  3  miles  above  French  Mills,  which  is  sand  and 
small  gravel  mixed  with  blue  clay. 

Fromstation  8663  to  about  1  mile  above  Normansville  {station  8923). — 
The  borings  developed  no  rock  within  this  distance.  The  material  is 
blue  clay,  almost  entirely  free  from  all  grit,  and  is  characteristic  of 
the  above-mentioned  section.  It  is  also  found  as  far  east  as  the  Hud- 
son River. 

Evidence  on  the  ground,  and  from  information  obtained  as  to  con- 
ditions met  with  in  excavating  this  material  for  the  Delaw^are  and 


542  DEEP    WATERWAYS. 

Hudson  Railroad  when  built,  would  indicate  that  this  blue  claj'has  a 
tendency  to  slide,  especially  where  si^rings  are  met  with.  I  think, 
however,  this  condition  can  in  a  measure  be  avoided  with  an  increase 
in  slope  and  proper  surface  drains  along  the  top  of  and  well  back  from 
cuts.  In  places  this  clay  was  soft,  but  the  Ijorings  in  most  cases  indicate 
"  stiff,  blue  clay."  It  molds  easilj"  in  the  hand;  is  when  wet  sticky, 
and  when  exposed  to  the  sun  becomes  ver^'  hard,  and  can  be  shaved 
witli  a  knife  in  a  manner  similar  to  chalk.  It  stood  up  well  in  most 
of  the  borings,  and  the  drill  rods  could  be  carried  down  throuj^h  the 
same  without  the  use  of  casing.  Along  the  banks  of  streams  it  pre- 
sents a  hard  surface,  and  at  a  distance  has  the  appearance  of  soft 
shale  rock. 

From  station  8923  to  the  Hudson  River. — Soft  shale  rock  outcrops 
along  the  south  bank  of  Normans  Kill  at  the  beginning  of  this  sec- 
tion. On  the  north  side  of  the  stream,  just  where  the  location  crosses, 
there  is  a  perpendicular  cliff  of  a  hard,  dark-colored  rock,  probably 
impregnated  Avith  iron.  This  character  of  rock  probably  extends 
through  this  hill  to  the  next  crossing  of  the  stream  (station  8953). 

From  tliis  jioint  down  the  stream  to  where  the  location  crosses  below^ 
Normansville  soft  shale  outcrops  on  both  sides  of  the  stream  and  in 
the  bed,  and  the  indications  are  this  will  be  the  character  of  the  rock 
encountered  opposite  to  and  just  below  Normansville. 

From  where  the  location  enters  the  deep  cut  just  below  the  crossing 
of  the  Delaware  and  Hudson  Railroad  to  Kenwood  the  indications  are 
the  excavation  will  be,  for  the  most  part  at  least,  through  a  hard  rock 
of  the  nature  of  a  limestone  conglomerate  similar  to  that  which  freely 
outcrops  in  steep  cliffs  above  Kenwood,  and  through  which  the  Dela- 
ware and  Hudson  Railroad  has  made  a  deep  cut  here. 

This  harder  rock  probably  merges  into  and  is  stratified  with  shale 
rock,  approaching  Kenwood  and  from  there  to  the  Hudson,  as  shale 
outcrops  on  the  banks  of  the  stream  at  Kenwood,  and  also  the  hard 
rock  on  the  south  side  of  the  stream  here. 

The  material  overlying  the  rock  for  this  distance,  andwiiere  no  rock 
was  found,  is  almost  wholl}*  blue  claj',  similar  to  that  already  described. 
In  some  places  strata  of  yellow  clay  overlies  the  blue  claj'. 

WATER  COURSES  AND   HIGH-WATER  MARKS. 

Normans  Kill,  bj^  which  this  route  is  designated,  is  the  principal 
water  course  encountered,  and  the  located  line,  as  adopted,  follows 
down  the  valley  of  the  same  for  about  two-thirds  its  length. 

It  has  several  tributaries  along  its  course. 

In  a  report  of  the  water  commissioners  to  the  Albany  common 
council  in  1891,  as  to  the  advisability  of  the  utilization  of  this  stream 
as  a  water  supply  for  the  city  of  Albanj',  it  is  stated  the  catchment 
area  above  French  Mills  is  some  114  square  miles.  It  is  further  stated 
that  from  measurements  taken  in  February,  1891,  it  appears  that  the 
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flow  then,  during  a  moderate  thaw,  was  at  the  rate  of  about  1,240 
cubic  feet  per  second.  I  presume  this  is  at  or  near  French  Mills. 
The  maximum  flood  heij^ht  on  the  Harden  Dam  at  Xormansville  is 
said  to  be  4  feet.  This  would  indicate  the  flood  discharge  here  is 
about  1,800  cubic  feet  per  second. 

The  maximum  flood  height  on  the  dam  just  above  the  highway 
crossing  at  Kenwood  is  said  to  be  8  feet,  indicating  a  discharge  of 
about  2,200  cubic  feet  per  second.  As  to  how  reliable  this  informa- 
tion is  I  am  unable  to  state. 

CANAL  LOCATION  ALONG  THIS  ROUTE  AND   CONDITIONS  INFLUENCING 

ITS   SELECTION. 

As  a  result  of  the  borings  made  for  the  proposed  dam  above  Sche- 
nectady to  impound  the  waters  of  the  Mohawk  for  this  line,  it  was 
found  this  dam,  with  a  crest  length  of  about  1,700  feet  and  an  eleva- 
tion of  225,  with  about  5  feet  flood  height  on  the  crest,  would  have  to 
be  founded  at  its  south  end  on  a  top  strata  of  yellow  sand  and  clay  to 
a  depth  of  about  40  feet,  and  beneath  this  a1x)ut  11»  feet  of  (juicksand 
overlying  blue  clay  and  sand. 

From  the  center  of  the  dam  about  to  its  iiorili  end,  the  material 
was  coarse  sand  and  gravel  for  a  depth  of  about  20  feet  below  the  sur- 
face and  beneath  this  70  feet  of  quicksand. 

This  condition,  together  with  the  fact  of  the  advisability  of  carry- 
ing as  high  a  water  surface  as  possible  through  the  long  summit  cut  of 
rock  at  South  Schenectady,  led  to  the  abandonment  of  this  dam  above 
Schenectady,  and  the  carrying  of  a  water  surface  of  elevation  240 
through  this  summit,  which  is  the  elevation  of  the  crest  of  the  dam 
at  Rotterdam  Junction  and  the  location  of  a  guard  lock  there  to  reg- 
ulate low  water  in  the  canal.  The  flood  height  as  estimated  oji  this 
dam  will  be  about  7  feet.  Under  this  plan  the  Normans  Kill  location 
will  properly  begin  at  Rotterdam  Junction  by  separate  canal,  the 
river  being  rectified  beloAv  this  place  until  the  location  leaves  the 
same,  the  canal  being  protected  and  separated  from  the  rectified  river 
by  a  wall.  This  wall  would  be  about  11,300  feet  in  length,  separated 
into  three  sections  of  2,000,  4,500,  and  4,800  feet,  resi)ectively.  The 
first  two  sections  will  be  founded  on  sand  and  gravel  and  a  liberal 
estimate  is  made,  including  proper  precautions  for  secure  and  safe 
construction  for  these  sections. 

The  last  section  of  4,800  feet  can  be  founded  on  a  rock  foundation 
with  the  exception  <^)f  about  1,000  feet  at  the  lower  end,  the  surface  of 
the  rock  being  about  20  feet  below  the  bed  of  the  canal. 

Estimates  include  puddling  the  bottom  of  the  canal  and  the  side 
opposite  and  the  wall,  and  also  revetting  the  same,  as  the  low  water 
in  the  rectified  river  will  be  in  places  from  20  to  25  feet  below  the  sur- 
face of  the  canal.  Additional  borings  necessary  previous  to  construc- 
tion may  indicate  a  reduction  in  width  of  channel  along  this  4,800  feet 
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above  referred  to  as  being  desirable  in  order  to  obtain  a  rock  footing 
at  a  less  depth  for  this  wall.  The  last  1,000  feet  where  no  rock  will 
probably  be  found  within  practicable  depth  will  be  located  without 
the  limits  of  the  present  river  channel,  a  secure  foundation  foi-  the 
same  being  estimated  for.^ 

The  conditions  influencing  the  United  States  Board  of  Engineers  on 
Deep  Waterways  in  tlie  selection  of  this  route  via  the  Normans  Kill 
over  that  bj' the  Mohawk  River  were  these:  It  is  is  shorter  by  11.9 
miles  between  terminal  points;  it  avoids  the  sharp  curvature  at.  Rex- 
ford  Flats  and  Crescent,  and  the  general  alignment  is  better;  it  avoids 
a  provision  for  the  discharge  of  the  sewerage  from  Schenectady;  it 
avoids  drawbridges  at  Schenectady,  Cohoes,  and  Albany  for  passing 
the  New  York  Central  Railroad;  heavy  land  damages  for  property 
destroyed  at  the  Hudson  River  end  and  interference  with  the  vested 
water  rights  at  Cohoes  are  avoided.  Six  railroad  drawbridges  will  be 
required  on  the  Mohawk  line,  one  of  these  for  four  tracks  and  three 
for  double  tracks. 


'  After  the  completion  of  Mr.  Ho  well's  report  the  junction  of  the  Normans  Kill 
cut-off  with  the  Mohawk  River  section  was  considered  by  the  Board  and  the  fol- 
lowing plan  adopted: 

The  Rotterdam  .Junction  dam  and  guard  lock  are  moved  downstream,  so  that 
the  Fitchburg  Railroad  crosses  the  lock  without  altering  the  alignment  of  the 
railroad.  This  cliange  reduces  the  length  of  the  bridge  without  adding  any 
obstructions  to  navigation.  With  the  lock  above  the  bridge,  as  originally  planned, 
owing  to  the  acute  angle  of  the  crossing  the  clear  opening  could  not  have  been 
more  than  100  feet.  As  the  lock  is  a  guard  lock  and  would  be  needed  only  for  a 
few  days  during  the  navigation  season,  this  plan  would  not  seriously  interfere 
with  the  railway  traffic.  The  dam  is  located  opposite  the  upper  end  of  the  guard 
lock  and  is  connected  with  the  lock  wall  and  with  the  high  ground  on  the  left  by 
embankments  strengthened  by  core  walls.  As  the  elevation  of  water  surface  in 
the  canal  and  river  is  to  be  the  same,  the  2,000  feet  of  wall  from  station  7771  to 
station  7791  will  not  be  needed. 

From  the  lower  end  of  the  gnard-lock  station  7806  to  station  7910  the  canal  loca- 
tion is  shifted  to  the  right  sufficiently  to  leave  a  space  about  100  feet  wide  between 
the  canal  and  river.  This  new  location  is  shown  as  an  alternate  line  on  plate 
29.  The  rectified  river  channel  from  station  7900  to  station  7960  has  also  been 
relocated.  The  new  channel  is  along  the  foot  of  the  hills  on  the  left  of  the  valley. 
This  change  leaves  a  space  of  about  600  feet  between  the  two  channels. 

These  changes  of  location  were  made  in  order  that  the  masonry  walls  from  7818 
to  7863  and  from  7005  to  795^>  might  be  replaced  by  embankments.  It  is  proposed  to 
build  an  embankment  next  to  the  canal  50  feet  wide  on  top  with  side  slopes  of 
1  on  2.  The  embankment  is  to  be  built  5  feet  above  low  water  in  the  canal,  and  is 
to  be  strengthened  by  core  walls  wherever  necessary.  The  space  between  the  levee 
and  the  river  channel  will  be  used  as  a  spoil  batik  and  will  be  filled  at  least  as  high 
as  the  top  of  the  former  from  the  waste  from  the  excavation.  The  river  face  of 
the  fill  is  to  be  protected  by  a  slope  wall. 

This  form  of  construction  reduces  the  estimated  cost  of  the  30-foot  channel  by 
S2. 126.207,  and  of  the  21-foot  channel  by  §2,570.398. 

Besides  reducing  the  cost  of  construction,  it  is  believed  that  the  substitution 
of  wide  embankments  for  the  high  masonry  walls  on  poor  foundations  adds  greatly 
to  the  safety  of  the  canal. 
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Thon>  are  five  railroad  crossings  on  the  Normans  Kill  line,  Iwo  of 
which  arc  double  track.  Two  of  these  at  South  Schenectady  and  the 
one  at  French  ]\Iills  can  have  fixed  spans. 

The  raising  of  the  Troy  and  Schenectady  Branch  of  the  New  York 
Central  Railroad  above  and  below  Niskaynna  for  the  Mohawk  line 
will  probably  offset  the  change  in  tracks  of  tlie  Delaware  and  Ihuison 
Railroad  above  Kenwood  for  the  Normans  Kill  line.  If  the  Erie  Canal 
is  considered  in  the  comparison  the  Normans  Kill  line  crosses  the  same 
above  Schenectady  at  about  the  same  water  level  and  avoids  intei-fer- 
ence  with  the  same  at  the  Rexford  Flats  and  Crescent  aqueducts. 
Nine  draw  spans  for  highway  crossings  are  required  for  the  Mohawk 
line,  where  not  over  thirteen  and  probably  less  will  have  to  be  pro- 
vided for  on  the  Normans  Kill  line.     Two  of  these  can  be  fixed  spans. 

The  Normans  Kill  line  is  shown  by  comparative  estimates  to  l)e 
about  ^20,000,000  (fheaper  than  the  .Molniwk  line,  exclusive  of  structures 
in  both  cases. 

;!0-FOOT   ADOPTED   CHANNEL. 

The  location  for  this  channel,  as  finally  adopted,  and  which  is  shown 
on  the  published  maps  and  profiles  of  this  route  accompanying  and 
forming  a  part  of  this  report,  follows  in  general  the  Mohawk  Valley 
from  Herkimer  to  Rotterdam  Junction,  wdiere  it  leaves  the  Mohawk 
River  and  follows,  via  South  Schenectady,  the  Normans  Kill  route  to 
the  Hudson  River,  entering  the  same,  as  stated,  about  2^  miles  l>elow 
Albany,  N.  Y.     Its  total  length  is  81.75  miles. 

The  conditions  influencing  the  size  of  canal  prism  along  the  line  and 
its  enlargement  to  provide  for  carrying  the  estimated  flood  discharges 
are  questions  which  will  be  discussed  by  the  United  States  Board  of 
Engineers  on  Deep  Waterways  in  their  report.  The  width,  depth, 
and  serviceable  lengths  of  locks  for  large  and  small  chambers,  with 
arrangement  of  gates  and  operating  machinery,  will  also  be  discussed 
by  the  Board. 

The  estimated  cost  of  this  channel,  under  changes  in  railroads, 
includes  the  raising  of  the  New  York  Central  and  West  Sliore  rail- 
roads along  the  Mohawk  Valley,  wherever  necessary,  to  an  elevation 
of  base  of  rail  'J  feet  above  the  estimated  flood  heights  on  all  dam 
crests.  Under  land  damages  are  included  right  of  way  for  canal 
prism  and  the  necessary  land  for  spoil  banks,  all  area  overflowed  or 
rendered  useless  by  such  overflow,  all  buildings  destroyed,  all  actual 
injury  to,  destruction  of,  or  interference  with  existing  water  rights,  or 
present  disposal  of  sewage  of  towns  or  cities  along  the  line. 

Water  supply. — This  question  is  not  discussed  in  this  rei)oi-t,  and  is 
left  to  others  whose  duty  it  wai?,  under  authority  from  the  United 
States  Board  of  Engineers  on  Deep  Waterways,  to  investigate  this 
question.  I  luiv'e  assumed  this  water  supply  as  furnished  for  either 
the  21-foot  or  30-foot  channel  at  Herkimer,  N.  Y.,  the  western  end  of  this 
division. 

H.  Doc.  14J) 35 
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Table  No.  4, — Canal  prism,  ,?/>-/oo/  channel. 


Location. 


From- 


Herkimer  (.station  4789+92) 

East    Canada    Creek    (station 

5479+92). 
Mindeiiville  (.station  .5559+92)  .. 
Caroga  Creek  (station  5819+92). 

Palatine  Bridge  (station  6(t36+ 

92). 
"Little  Nose"   (station  6389+ 

92). 
Pultonville  (station  6680+92)  ... 


Schoharie  (station  6989+92) 

Amsterdam  (station  7214+92)... 
Cranesville  (station  7453+45) . . . 

Rotterdam   Junction    (station 

7732+30). 
Kenwood  (station  9059+8;j) 


To- 


East    Canada    C^reek    (station 

5479+92). 
Mindenville  (station  5559+92;. . . 

Caroga  Creek  (station  5819+92). 
Palatine  Bridge  (station  (i0:i6+ 

92). 
"Little  Nose"   (station  6389+ 

92). 
Fultonville  (station  6880+92) . . . . 

Schoharie  Creek  (station  6989+ 

92). 
Amsterdam  (station  7214+92)... 
Cranesville  (station  7453+45)  ... 
Rotterdam    Junction    (station 

77:J2 +;«)). 

KeRwood  (station  90.59+83) 

Hudson  River  (station  9106+19) 


Earth. 


Sec- 
tion. 


Sq.feet. 
.,890 

8,520 

8,520 
9,000 

9,(X)0 

10,500 

10,500 

13,980 
1.5,600 
15, 600 

7, 890 


Rock. 


Bot- 
tom 
width. ' 


Sec- 
tion. 


Feet.   \Sq.feet 
203  j     <,500 

224  i    8,790 


8,490 
9.180 


224 

240 


240  1    8,  WO 

290  j  10,&'» 

290  9,750 

406  ;  14,400 

460  i  1.5,;JOO 

460  1.5,420 

203  7,5(K) 


Bot- 
tom 
width. 


Feet. 
250 

293 

28:5 
306 

288 

•.m 

325 

4S0 
510 
514 

250 


Irregular-shaped  basin  enter- 
ing the  Hudson  River. 


Nt)TK.— In  the  alx)ve  table,  change  of  section  at  approach  to  and  leaving  locks  and  for  curves, 
where  necessary,  is  not  noted. 

T.\BI.E  No.  5. — Dams  for  »i-foot  ami  21-foot  channels. 


Location. 

Station. 

Length 

crest. 

Eleva- 
tion of 
crest 
above 
datum. 

Height 
of  dam 
above 
river  or 
stream 
l>ed. 

Character 

of 
structure. 

Foundation    and 
average     eleva- 
tion of  rock  sur- 
face. 

Jacksonburg 

49-35 
5120 
55.58 
6032 
6676 
7210 
7463 
77.53 
8418 
8510 
8548 
8931 
9027 

Feet. 

1,000 

650 

900 

l.OiiO 

1,000 

850 

1.000 

1.100 

2,50 

a50 

550 

600 

400 

Feet. 
376 
365 
322 
300 
285 
270 
255 
240 
240 
225 
205 
165 
103J 

Feet. 
16 
5 
20 
20 
12 
20 
20 
22 
13 
50 
50 
75 
48 

Masonry . 
do... 

Rock... 
.    do. 

.3.50 

Little  Falls    

a55 

Mindenville 

do.... 

....do 

290 

Palatine  Bridge  . 

do.... 

do-.  . 

do.... 

....do... 
....do... 
....do     . 

270 

Fultonville 

a212 
236 

Cranesville.. 

Rotterdam  Junction 

French  Mills 

do-.- 

do.... 

do.... 

do... 

Pile  foui 

Do. 
Rock... 
....do... 

idation. 
227 

1.50 

Above  Normans ville. 

do.... 

....  do.... 

...do... 
....do 

120 
110 

Above  Kenwood 

do.... 

....do... 

70 

oPile  foundation. 


The  dam  at  Fultonville  (station  6676)  in  order  to  obtain  a  rock  foot- 
ing, would  necessitate  the  carrying  of  the  foundation  about  60  feet 
below  tlie  river  bed.  i. 

The  material  here  on  the  south  end  of  the  dam  and  soutli  side  of 
the  river  is  a  belt  of  yellow  clay  for  9  feet  below  the  surface,  underlaid 
by  fine  sand  and  sand  and  qI&j  mixed  for  a  depth  of  about  24  feet, 
and  beneath  this  about  10  feet  of  blue  clay,  overlying  gravel  and 
bowlders  down  to  elevation  230,  at  which  depth  no  rock  was  struck. 
On  the  north  shore  of  the  river  rock  was  encountered  at  elevation  211, 
the  material  passed  through  being  sand  and  sand  and  clay  mixed, 
with  about  6  feet  of  gravel  on  lop  of  the  rock. 
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Tln' elevation  of  the  rock  rie.xt  to  the  New  ^'ork  C<Miti-al  l^ailroiul 
is  245. 

The  boi-iii_L;>  lor  the  daiii  al  .Vinsterdaiii  (slalion  7Jlwj  <1«-\»-i<)jm-.1 
roek  about  luiUway  nero.ss  the  dam  from  the  north  <'nd  at  eh'vation 
about  200.     For  the  south  half  no  rock  was  found  at  elevation  174. 

The  material  is  for  the  most  part  sand,  gravel,  and  bowlders. 

The  borings  for  the  dam  at  Cranesville  (station  7453)  developed 
rock  in  only  one  boring  at  elevation  170. 

The  material  here  is  sand,  gravel,  and  1k»wI(1<m-s,  with  tliin  stcata  of 
blue  clay  and  hardpan. 

The  dam  at  Rotterdam  (station  775.'})  will  have  to  be  founded  fjii 
sand  and  sand  and  gravel. mixed  down  to  elevation  about  210,  and 
beneath  this  blue  clay  and  sand  mixed  for  about  50  feet,  at  least. 

Tablk  No.  f). — Locks  fur  .uj-foof  (tiid  iJI-foot  chanuels. 


Location. 

Kind. 

Length 
leveL 

Character  of 
foundation 

Number. 

Place. 

Station 
at  cen- 
ter of 
lock. 

Single 

or 
double. 

Individual 
or  in  flight. 

Lift. 
Feet. 

Total 
lift. 

30-foot    21-ff>ot 
chan-       chan- 
nel,         nel. 

Feet. 

Miles. 

1 
1 

11 

Jacksonburg  . . . 

4!t40 

Single . . 

Individual . 

11 

11 

4.2 

Rock.-    Rtxjk. 

13.  Ki 

Little  Falls 

516.T 

D<mble. 

Flight 

Individual . 

31.5 

43 

7.6 

...do...       Do. 

14 

Mimlenville 

5.5t>3 

Single.. 

22 

22 

9 

...do...       Do. 

15 

Palatine  Bridge 

(i037 

...do... 

do 

15 

J5 

12.2 

...do...       Do. 

16 

Fulton  ville 

66t(0 

....do... 

do 

15 

15 

10.1 

...do...    Pile. 

17 

Amsterdam 

Cranesville 

721.5 
74.59 

..    do 

...  do 

15 
15 

15 
15 

4.6 

do Rock. 

IS 

....do... 

do 

Pile  . . .    Pile. 

19 

Rotterdam 
Junction. 

7751 

....do... 

do 

Guan 

ilock. 

.  do...       Do. 

20 

French  Mills  . . . 

8406 

...do.. 

do 

15 

15 

17.9 

Rock..    Rock. 

21 

Norman.s     Kill 
line. 

Hall 

...do... 

....do 

20 

30 

2 

...do...   Pile. 

22,23 

do 

a>55 

Double. 

Flight 

20 

40 

0.8 

...do...    Ro<k. 

24,2.5.26. 

do 

8955 

....do... 

do 

20.5 

6L5 

7.5 

...do...       Do. 

27.2H.29, 

do 

9040 

....do... 

do 

a  20. 7 

1(«.5 

1.4 

...do...       Do. 

;«).;!1. 

T.)t;il   _ 

376  ' 

a  This  lift  is  taken  at  20.7  to  provide  for  a  possible  minimum  low  water  at  the  lower  end  of 
lock. 

COST  OP  LOCKS. 


11.... 
12,13. 


No.  of  lock. 


16 

17 

18 

19  

20 

21 

22.2:1 

24.i5.36 

27,28,29,30,31.. 


Total 

Operating  mai-hiiiery. 


Total 


30-foot 

21-foot 

Operating 

mathin 

ery. 

channel. 

channel. 

S912,926 

$560,968 

$100,000 

3,.571..5i>4 

2,4:U..5s<» 

175.ilOfl 

1.123.t»7 

t)84.:W8 

|INI.(I«I() 

1.010.095 

615.  S(il 

l(«i.i««1 

1.015,28:1 

721. 4>4 

|()II.(I«KI 

l.(Hi2.977 

(i4.<<.  475 

lim.dllO 

1,245.:)21 

7(15.  sis 

llNl.llilO 

96.5. 777 

♦Wt.tiVi 

liNi.um 

884.446 

.577.2119 

llMl.lldll 

W^6. 258 

72S,tt;ti 

Idtl.lNNi 

3,114,687 

2. 172.  ItM 

ir5.i«iii 

4.72lt.697 

;!,(m5.295 

225.  Kill 

7,44.5.609 

4.5:t:!.7tat 

:c>ii.ii(iii 

:.'8,()39,357 

18,i:*<,357 

1,82.5,000 

1.82.5,0a) 

1,825,000 

25t,8«4,357 

19.963,257 

Note. — Lift  of  locks  as  given  is  for  low-water  level. 


548 


DEEP    WATERWAYS. 


Tlie  elevation  of  the  rock  alcove  the  lock  at  Cranesville  (station 
7459)  is  about  170,  and  below  the  same  about  208,  as  indicated  by  the 
borings. 

The  material  is  of  about  the  same  nature  as  for  tlie  dam  here. 

There  is  no  rock  for  the  lock  at  Rotterdam  Junction  (station  7751), 
The  material  is  the  same  as  that  described  for  the  dam  here. 

Table  No.  7. — Bridges. 
OSWEGO-MOHAWK  ROUTE,  EASTERN  DIVISION. 


Location. 

^t 

!J0-foot  channel.    21-foot  channel. 

Sta- 
tion. 

Kind  of 
bridge. 

Swing 
or  fixed. 

Total 
length. 

545 

545 

545 

545 

545 

545 

545 

545 

.550 

463 

545 

600 

375 

315 

545 

545 

260 

260 

.545 

545 

545 

545 

a35 

5371 

235' 

228 

100 

IW 

Esti- 
mated 
cost. 

Total 
length. 

Esti- 
mated 
cost. 

1)136 

Little  Falls 

Highway. 
do 

Swing.. 
do... 

3 

$67,862 

ia5,868 

72,572 

92,250 

71,834 

108,220 

113,443 

149. 962 

275,.5;{9 

87.331 

97, 106 

307,;342 

81,078 

40.784 

97,106 

64,104 

;«,  412 

23,:»4 

97,106 

97,106 

97,106 

97,106 

20,476 

141,938 

1.5.946 

21,7r3 

4,810 

12,234 

30,(K)0 

525 
525 
525 
.525 
525 
.525 
.525 
525 
530 
423 
525 
580 
363 
3a5 
525 
525 
250 
250 
535 
535 
535 
525 
296 
517i 
196 
197 
100 
1.50 

$66,  .382 

5317 

do     

90.U66 

5650 

do 

do 

71  (»93 

5948 

Fort  Plain     

do. 

....do 

!W  770 

6115 

Canoiarhario 

do.... 

....do... 

70,  !J54 

6735 

Fonda 

..  ..do.... 

....do... 

90.  ;i44 

6983 

Fort  Hunter      . 

do 

do 

111  iM52 

7260 

Amsterdain  ..  

..     .do.... 

....do   .. 

148,482 

7661 
7804 
8030 

Hoff mans  Ferry 

Rotterdam  Junction 

Railway  . 

do 

Highway 

2 

1 

....do... 
...do... 
.      do 

263,249 
7.5,  ,512 
81  090 

8071 

8085 

South  Schenectady  . 
do 

Railway  . 
do 

2 

i 

Fixed  .. 

....do... 

do 

287.712 
76. 638 

8088 

do 

Highway. 
do 

W  9+(( 

8195 

Swing.. 
—  do... 

Fixed.. 
....do 

81,(liHI 

83(e 

....  do.... 

■"■"i 

.59, 330 

8413 
8414 

French  Mills 

do 

Railway  . 
Highway. 
do 

37.057 
22.711 

8485 

Swing., 
.do 

81.090 

8615 

do 

81  IKK) 

866=5 

.      do.... 

...do. 

81.090 

8813 

do 

....do... 

81.090 

8960 

Nor  mans  ville 

do.... 

....do... 

17. 140 

9011 

Railway  . 
Highway. 
Railway  . 
Highway. 
Railway  . 

1 

....do... 
....do... 

12(J,  »)0 

9041 

Kenwood 

13.610 

90.58 
4275 

do 

Normans  Kill  a 

Kenwood  n 

Hoff mans  P  e  r  r  y  a 

(steam  ferry). 

Total 

1 
...... 

...do... 
Fixed  . . 
...do.. 

17.315 

4.  SKI 
13.3:54 
20,000 

2,520,807 

2,293.040 

o  Bridges  not  over  <-anal. 

Feet  clear 
opening. 

Highway  bridges 22 

Single-track  railway  bridges 14 

Double-track  railway  bridges 36 

21-FOOT   ADOPTED   CHANNEL. 

The  location  as  adopted  for  this  channel  is  the  same  as  that 
described  for  the  30-foot  channel,  and  its  total  length  is  the  same. 
The  same  statements  made  for  the  30-foot  channel,  as  to  the  size  of 
prism,  locks,  and  estimated  costs  for  cliange  of  railroads  and  land 
damages,  apply  also  to  this  channel. 

The  alignment  is  the  same  for  this  channel  as  for  the  30-foot 
channel. 

The  two  channels  are  the  same  for  depth  and  sectional  area  from 
the  "Little  Nose"  (station  6389+92)  to  the  Ifead  of  the  lock  at  Rot- 
terdam Junction,  which  is  the  beginning  of  the  Normans  Kill  line, 
for  the  reasons  already  stated  in  this  report. 
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L(Mjatioii. 


From- 


To- 


HcrkiiutT  (Station  478»+!)2) 

West    Canada    Creek   (station 

4849+92). 
Jac'ksonburnr  (station  49!«+92) . . 

Little  Falls  (station  5119+9:i)  . .. 

Little  Palls  (Station  51til+92)  ... 

East   Canada    Creek    (station 

5479+9'-»). 
Mindenville  (station  .Vkil +92)  .. 
Garoga  Creek  (station  WW+O^). 

Palatine  Bridge  (station  6l)CJ.")  + 

Little  Nose  (Station  i):589+!nji  ... 
Fulton ville  (station  ti<)8()+92 » 

Schoharie  Creek  (station  t)S»89+ 

9-„'). 
Amsterdam  (station  7214+!)2)  .. 
Cranesville  (station  7453+45)  ... 

Rotterdam    Junction    (station 

77:J2+;*i). 

Kenwood  (station  9052+53) 


West   Canada   Creek    (station 
j      4849+921. 

,  Jacksoiiburg    Creek     (station 
,      49:58+92). 

'  Little     Falls     Creek    (station 
5119+921. 

Little     Falls     Creek    (station 
5ir)l+92i. 

East    Canada    Creek    (station 
I      5479+92).  - 
I  Mindenville  (station  5561+93) .. 

Garoga  Creek  (station  5819+93). 
Palatine  Bridge  (station  6035+ 

92). 
Little  Nose  (station  6389+92)  . .. 

Fultonville  (station  6680+92)  ... 
Schoharie  Creek  (station  6989+ 

92). 
Amsterdam  (station  7214+92)... 

Cranesville  (station  7453+45)... 
,  Rotterdam   Junction    (station 
7732+»)). 
Kenwood  (station  9052+53) 


(Station  9106+19) . 


Earth. 


S(H3-    I  Bottom 
tion.   I  width. 


Sq.feet: 
S,397  I 

I 
7.014 

6,489 

5,397  I 

6,489  ! 

8,043 

7,623  I 
8,528 

7,791 

10,500 
10,500 

13,980 

15,600 
15,600 

5,397 


Feet. 
215 

292 

2fi7 

215 

2(57 

•Ml 

321 
364 

339 

290 
290 

406 

460 
460 

215 


Ko.k. 


Sec-    Bottom 
tion.   !  widtb. 


7,098  ! 
II.  5.52 
5.040 
6,5.53 

K.  190 

7,665  ; 
8,526  , 

7,813 

10,630 
9,750 

14,400 

1.5,300 
15,430 

.5,040 


Feet. 
240 

;i38 

313 
340 
.312 

:m 

365 
406 

372 


Irregular  shaped  basin 
ing  Hudsou  River. 


mi 

325 


4^ 


510 
514 


340 

enter- 


Ill  the  above  table  change  of  section  at  approach  t<>  and  leaving 
locks,  and  for  curves  where  necessary,  is  not  noted. 

The  canal  prism  is  the  same  for  this  channel  as  for  the  :5(»-foot 
channel  from  station  6389  +  92  to  station  7732+30. 

Dams. — Table  No.  5,  as  given  for  30-foot  channel,  also  applies  to 
this  channel. 

Locks. — Table  No.  G  includes  the  locks  on  tlie  21 -foot  channel. 

At  Fultonville  (station  6G80)  the  rock  for  the  lock  for  this  channel 
is  about  lo  feet  below  the  bottom  of  the  foundation.  The  material  is 
clay  and  fine  sand,  loosely  mixed  for  about  30  feet  below  the  surface, 
overlying  about  10  to  20  feet  of  soft,  blue  clay,  and  beneath  this  sand, 
gravel,  and  bowlders  extending  to  the  rock  surface  at  elevation  about 
222 

There  is  no  rock  foi-  the  lock  at  Cranesville  (station  7458).  The 
material  is  sand,  gravel,  and  bowlders,  with  thin  strata  of  blue  clay 
and  hardpan.  The  material  at  Rotterdam  Junction  (station  77.51)  for 
the  lock  is  the  same  as  that  described  for  the  dam  there. 

The  borings  indicate  rock  at  about  the  elevation  of  the  bottom  of 
the  foundation  in  the  center  of  tlie  lock  at  station  8511,  but  the  rock 
is  about  17  feet  below  the  same  at  its  west  end  and  al)out  60  feet 
below  at  its  east  end. 

The  material  is  for  the  most  part  blue  clay  and  gravel  mixed,  and 
is  hard. 

Bridges,  railroad  and  highway. — The  table  lor  the  al)u\e,  a.-^  given 
for  30-fpot  channel,  also  applies  to  this  channel. 
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of  30-foot  channel. 

SECTION  NO.   1  (STATION  4780  +  91.5  TO  4848  +  00),  FROM  HERKIMER   TO   1}   MILES 

EAST  OF  HERKIMER. 


Excavation: 

Gravel cubic  yards. . 

Sand do 

Earth do.... 

Right  of  way,  farmland acres.. 

Entrance  of  streams,  submerged  weirs 

Slope  wall. square  yards. 


Total 


Quantity. 


1,211.(«4 

72.5. 897 

725, 8«6 

189 


;  Cost  per 
unit. 


$0.  18 

.18 

.18 

100. 00 


Total. 


31,703 


1.10 


$217, 984 
130. 6til 
130.  ()61 
18,900 
2,352 
at.  873 


;>3o,  4:J1 


SECTION  NO.  2  (STATION  4848  TO  STATION  .5118),  FROM  li  MILES  EAST  OF 
HERKIMER  TO  LITTLE  FALLS. 


Excavation : 

Rock,  quartzite,  wet : cubic  yards. 

Rock,  ((uartzite,  drjr do... 

Rock,  quartzite,  artificially  dry do.. . 

Clay do... 

Gravel do... 

Sand do... 

Earth do... 

Diversion  and  levees 

Right  of  way: 

Farm  land acres. 

Town  land do... 

Railroad  changes miles. 

Retainingwall cubic  yards. 

Slope  wall , siquare  yards. 

Back  fill cubic  yards. 

Timber  cribs: 

Oak feetB.  M. 

Hemlock do... 

Pine do... 

Stone  fill cubic  yards. 

Iron  bolts pounds. 

Lock  No.  11 _ , 

Opera,ting  machinery.. 

Dams: 

Concrete,  dam  and  wing cubic  yards. 

Concrete,  core  wall do... 

Excavation,  earth do... 

Embankment do... 

Coflferdam 


Total. 


295,9.51 
854,  WIG 
709, 818 
988,104 
861, 281 
3,  .504. 267 
1,630,330 


$2.50 
.75 
1.(10 
.18 
.18 
.18 
.18 


868  100. 00 

5  14,286.00 

3.05    

270,271  4.(K) 

42,584  1.10 

759,282  .25 


103.440 

7. 2()7, 067 

3,060,093 

122.640 

852,(113 


21,606 
10,(X»0 

45,  7.50 


a  .50. 00 
((2:J.OO 

a  30.  iM) 
.6(t 
.03 


6.00 

4.  .50 

.18 

.15 


$739,878 
64(J.950 
7lKt.8l8 
177.8.59 
1.5o.  o:{l 
H»l.  7(58 
293. 4.59 
85,  (.NX) 

86,800 
71,430 
2:5,851 
1,081.084 
46,842 
189,821 

.5, 173 
167. 143 
91,8(8 
73,584 
25,  .560 
912.926 
1(X),000 

129.636 
45, 000 
9.65;j 

6.86;j 
12,800 


(J.  .512, 731 


SECTION  NO.  3  (STATWN  5118  TO  STATION  5175),  LITTLE  FALLS. 


Excavation,  rock  quartsite,  dry cubic  yards. 

Rightofway: 

Farm  land acres... 

Town  land do... 

Retaining  wall cubic  yards. 

Timber  crib: 

Oak feetB.  M. 

Hemlock do... 

Pine do... 

Stone  fill  cubic  yards. 

Iron  bolts pounds- 
Locks  Nos.  12and  13 

Operating  machinery 

Dams: 

Concrete,  dam  and  wing  walls cubic  yards. 

Excavation,  eartli do... 

Cofferdams 

Bridge 


Total. 


2,324,504 

47 

37 

44,811 

19. 200 

1.000.  (KK) 

378. 400 

16,380 
137,660 


$0.75 

100.00 
22,124.00 
I         4.00 

a. 50. 00 
I    a2:?.50 

aSO.OO 
I  .60 

I  .03 


5,150 
6,610 


6.00 
.18 


$1,743,378 

4,700 
818,588 
179,244 

960 
23,000 

ii,a52 

8,828 

4,130 

3,571,-594 

175,000 

30,900 

1,190 

27,0iK) 

67, 862 


6,668,726 


a  Per  1,000  feet. 
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Table  No.  9. — Osireyo-MoJuiwk  route,  eastern  diriniim — Estimate  of  cotu<tnirtiou 
of  jo-foot  channel — Continued. 

SECTION  No.  4  (STATION  5175  TO  STATION  52«0),  FROM  LITTLE  FALLS  TO  THBES- 
FOURTHS  OF  A  MILE  BELOW  SUSPENSION  BRIDGE. 


Excavation: 

Kt)ck,  hard,  artificially  dry cubic  yards. 

Sand  do... 

Diversions  and  leve^s 

Right  of  way,  farm  land acres. 

Slope  wall ...square  yards. 

Back  All cubic  yards. 

Timber  crib: 

Oak _ feetB.  M. 

Hemlock do... 

Pine do... 

Stone  fill : cubic  yards. 

Iron  bolts pounds. 

Bridge 


Quantity.   |CoftP«r 


Total 


l:i8,  m 

.013,23a 


51,1.'J1 
37, 1.52 

:}5,(40 
3,47ti,2tj<) 

.Vi,H40 

392, 095 

1 


il.fxt 

.18 


1(K).  00 

1.10 

.25 

«.")0.00 

a  :J0. 00 

.m 

.03 


Total. 


^128,721 

3i;2.:{«2 

lO.IHK) 

2<.t,  m) 

."><!,  244 

9,288 

1.7.52 
Til.  '.r>4 
2!t,Oik5 
;«,  504 
11,781 
lU5,8«a 


a5".859 


SECTION  NO.  5  (STATION  5260  TO  STATION  .5651),  FROM  THREE-FOURTHS  OF  A  MILE 
BELOW  SUSPENSION  BRIDGE  TO  ST.  JOHNSVILLE. 


Excavation: 

Rock,  dry cubic  yards . 

Bock,  artificially  dry do... 

Clay do... 

Gravel do... 

Sand do... 

Earth  do... 

For  look  at  additional  price: 

Earth  do... 

Rock  do... 

Diversion  and  levees 

Rif^ht  of  way,  farm  land. acres. 

Railroad  changes miles. 

Entrance  of  streams,  submerged  weirs 

Retaining  wall cubic  yards. 

Slo])e  wall - square  yards. 

Back  fill cubic  yards. 

Timber  cribs: 

Oak feetB.M. 

Hemlock do... 

Pine do... 

Stone  fill cubic  yards. 

Iron  bolts pounds. 

Lock  No.  14 

Operating  machinery 

Dam: 

Concrete cubic  yards. 

Excavation,  earth do  .. 

C^offerdam 

Bridge 


1,585,022 
2,109,283 
2,51,776 
1,81.5,(180 
4,<i22. 108 
1,519,  iiW 

255.  707 
185,593 


2,300 
4.22 


Total. 


327, 737 

81.4it2 
tiV;,  OWj 

83,040 
.5,970,;M) 
l,7ti3.2(X) 

l(itj,:r)0 

)>t).S,88() 


.18 
.18 

.18 

.18 

.32 
.5(» 


100.00 


4.00 

1.10 

.2.5 

a  50. 00 

a  23. 00 

(130.00 

.tiO 

.(« 


a5.9«0 
08,944 


6.00 
.50 


l!;l,(C30,284 

1,581. 9(a 

45,  :«0 

32 -.,714 

S:  J  1. 979 

27:!,  473 

M,.^i2 

IC.  797 

2il(l.tl«)0 

220,  ()00 

73. 795 

2.0t>5 

l,310.iH8 

.H9.  (Ul 

131.272 

4,152 

i:J7,318 
.52,  SUt! 
fi0.21l) 
2(l.0«i7 
1,1 2:$,  087 

1(.'0,(XI0 

215.  70it 
34.472 
20.000 


8,  i:tt!.  131 


SECTION   NO.  0  (STATION  .5051  TO  STATION  OKti 

CANAJOHARIE. 


FRO.M    ST.  .lollNSVIM.K    To 


Excavation: 

Ro<"k,  wet 

cubic  yards.. 

591.  l.V) 

?:.'.  1 « 1 

SI.  i>';    .111 

Rock,  dry 

do.... 

595.  1,S5 

.65 

:ni,-<tii 

Rock,  artificially  dry 

do.... 

1.144,;i52 

.75 

l,osi.-,-.u 

Clay 

...do-... 

1.128,  .5.56 

.18 

2ltJ.  Uil 

Gravel 

do.... 

1,87.5,048 

.18 

:«?:..-.<  19 

Sand 

do.... 

7,192,600 

.18 

l,2SW.r,«K'< 

Earth 

do.  . 

2. 175, 193 

.18 

391.. >« 

Extra  for  lock: 

Earth 

do  ... 

2(W..577 

.:fi 

tM.  40.5 

Ro<k 

do.... 

107.970 

.60 

100. 7s2 

Diversion  and  levees 



310,300 

O  ?>..!•   1    IK;!)  frt^t. 
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Table  No.  9. — Oswego- Mohawk  route,  eastern  diii'sion — Estimate  of  constriiction 
of  30-foot  channel—  Continued. 

SECTION  NO.  <)  (STATION  5(551  TO  STATION  6103),  FROM   ST.  .TOHNSVTLLE  TO 
C  AN  A  JOH  ARIE-Continued. 


Bight  of  way : 

Farm  land ...acres. 

Town  land do... 

Railroad  changes miles. 

Entrance  of  streams,  submerged  weirs 

Retaining  wall cubic  yards. 

Slope  wall square  yards. 

Back  fill.... cubic  yards. 

Timber  crib: 

Oak feetB.  M. 

Hemlock do... 

Pine  --- do... 

Stone  fill cubic  yards. 

Iron  bolts - pounds. 

Lock  No.  15 

Operating  machinery 

Dams: 

Concrete cubic  yards - 

Excavation,  earth do... 

Cofferdam 

Bridge 


Quantity. 


Cost  per 
unit. 


1,544 

30 

1..51 


$100.00 
2,800.00 


Total. 


110,813 
248, 701 
229, 575 

50,88(J 

3,;i-)<),514 

l.U44,80() 

58,500 

317,5*5 


4.00 
1.10 


a50.00 

a  2:1.00 

rt30.00 

.60 

.03 


22, 494 
.50.210 


6.00 
.  .50 


Total. 


$154, 400 

84.(J(I0 

26.;j(»4 

2,569 

44;$,  2.52 

273.  .571 

57,394 

2,  .544 
77,062 
31,3^4 
35,l(t0 

9.  .526 

1.010,095 

100.000 

134,9»i4 
2;5, 105 

u.rm 

92,250 


7,  $t2»,  829 


SECTION  NO. 


(STATION  6103  TO  STATION  (WOO),  FROM  CANAJOHARIE  TO 
FULTONVILLE. 


Excavation: 

Rock,  wet w cubic  yards. 

Rock,  artificially  dry do... 

Clay  and  bowlders,  dry do... 

Clay do... 

Gravel do... 

Sand - do... 

Earth  do... 

Extra  for  lock: 

Earth do... 

Rock do... 

Diversion  and  levees 

Right  of  way: 

Farm  land acres. 

Town  land do... 

Railroad  changes miles. 

Entrance  of  streams,  submerged  weirs 

Retaining  wall cubic  yards. 

Slope  wall square  yards - 

Back  fill cubic  yards. 

Timber  crib: 

Oak feetB.M. 

Hemlock , do... 

Pine do... 

Stone  fill cubic  yards. 

Iron  bolts.. pounds. 

Lock  No.  16 

Operating  machinery 

Dams: 

Concrete,  dam  and  wing cubic  yards. 

Timber  in  foundation feet  B.  M. 

Piles  in  foundation linear  feet. 

Sheet  piling  in  foundation feet  B.M. 

Iron  in  foundation pounds. 

Excavation,  earth ...cubic  yards. 

Embankment do... 

Cofferdam 

Bridges 


;i2. 970 
3!>9,  '.«)4 
475,  ml 
2,  «92. 628 
1,163.980 
16,48«,43t 
4,188,200 

496, 970 
10,842 


$2.00 
.75 
.20 
.18 
.18 
.18 
.18 

.32 

.50 


3,422 

96 

3.64 


81,674 
444^,335 
547.683 

122, 880 
10, 745, 394 
3,522,5*56 

181,590 
1,286,180 


19.902 

1,191,000 

\m.  .320 

262. 800 

102, 000 

53,400 

3,700 


100.00 
3,193.00 


4.00 

1.10 

.35 

a. 50. 00 

n2:}.00 

O30.00 

.60 

.03 


6.00 
0,22.00 
20 
(133.00 
.03 
.50 
.15 


Total. 


St5.5, 940 
299,973 
95,  l:J3 
520.673 
2()it,516 
2.967,918 
753,876 

159,0;i0 

5,421 

60,000 

243.200 
306.  .528 
40,  .560 
4.3;52 
326. 69(5 
487,6(59 
136, 921 

6,144 
247. 144 
105,677 
108, 954 
38,. 585 
1,015,283 
100,000 

119,412 

26,202 

32, 6(54 

8,672 

3, 060 

26. 700 

5.55 

2.5.  oai 

180,0.54 
8,726,412 


a  Per  1,000  feet. 
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Tablk  No.  9. — Osirego- Mohawk  route,  eastern  diviition — Estimate  of  const  met  ion 
of  30-foot  channel — Continued. 

SECTION  NO.  8  (STATION  6800  TO  STATION  7732),  FULTONVILLE  TO  ROTTERDAM 

JUNCTION. 


Quantity.    .''^Lr' \     Total. 


Excavation: 

Rock, dry cubic  yards.. 

Rock,  wet do 

Rock,  artificially  dry do I 

Clay do... 

Gravel do... 

Sand do... 

Quicksand do... 

Earth „ do  .. 

Extra  for  locks:  . 

Earth cubic  yards.  . 

Rock  : do  — 

Diversion  and  levees I 

Right  of  way: 

Farm  land acres..' 

Town  land do 

Railroad  changes miles.. I 

Entrance  of  streams,  submerged  weirs ' 

Retaining  wall cubic  yards..] 

Slope  wall square  yards..; 

Back  fill cubic  yards.. 

Timber  crib:  I 

Oak feetB.  M.. 

Hemlock do i 

Pine   do i 

Stone  fill cubic  yards..' 

Iron  bolts pounds. . 

Lock  No.  17 - - 

Operating  machinery ' 

Lock  No.  18 1 

Operating  machinery ! 

Dam  at  Amsterdam: 

Concrete cubic  yards.. 

Excavation,  earth do 

Cofferdam 

Dam  at  Cranesville:  i 

Concrete cubic  yards. -j 

Timber  in  foundation feetB. M-. 

Piles  in  foundation linear  feet..] 

Sheet  piling feet  B. M..! 

Iron • pounds..; 

Excavation,  earth cubic  yards..! 

Cofferdam , 

Bridges ' 

Steam  ferry 


398. 1(J3 

612,927 

610,427 

6,293,017 

13,755,;m 

15,912,153 

176. 790 

6,316.712 

4«;5,430 
96,521 


3.168 

61 

3.99 


|0. «;') 
2.00 
.75 
.18 
.18 
.18 
.18 
.18 


.00 


100.00 
7,486.00 


90,244 
623.737 
421.272 

191,040 
16, 746, 154 
6,657,946 

282,  .590 
2,032,610 


4.  (XI 

1.10 

.25 

ooO.OO 
a  23.  CO 
a  30. 00 

.m 

.i>3 


a5,812 

72.800 


6.00 
.50 


17. 325 

1,116,720 

1.54, 140 

249,t)(i0 

1(H).  (H«) 

40,800 


6.00 

a  22. 00 

.20 

n33.0(J 

.(H 

.60 


Total. 


§2.58,806 
1,225,8,54 
457, 820 
l,i;32,747 
2,47.5,962 
2,864,188 
31,823 
1,137,(J(J8 

148,2!)8 
57.913 

47,  UX) 

316,  sai 

456,646 
105,893 
2,643 
360.976 
68li.  Ill 
105,318 

9,  .552 

38.5,162 

169, 7:i8 

1«9,554 

60.978 

1,062.977 

KX.OOO 

1,24.5.:J21 

1(JO,OUO 

214,872 
36. 400 
17,800. 

103.950 

24..5t>8 

*!.  828 

8. 2:57 

8.(100 

20, 400 

11.000 

5:58, 94:1 

20,000 


16,305,085 


SECTION  NO.  9  (STATION  7732  TO  STATION  804;i),  PROM  ROTTERDAM  JUNCTION  TO 
1  MILE  NORTH  OF  SOUTH  SCHENECTADY. 


Excavation: 

R<x-k,  dry cubic  yards. 

Hard  material,  dry do... 

Clay do... 

Gravel do... 

Sand do... 

Earth  do  .. 

Extra  for  lock,  earth cubic  yards. 

Right  of  way: 

Farmland acres. 

Town  land do... 

Retaining  wall cubic  yards. 

Slope  wall square  yards. 

Back  fill cubic  yards. 

Core  wall do... 

Emiiankment do... 

Timber  crib: 

Hemlock feet  B.M. 

Pine do... 

a  Per  1,000  feet. 


.560,  .525 

$0.60 

L;e8,299 

.30 

1,240,789 

.18 

1,106,294 

.18 

3,8.35.a}7 

.18 

5,727.104 

.18 

366,656 

.32 

1,593 

100.  Ofi 

3t) 

2,600.0(^1 

9.;uo 

4.(X) 

19(1.76;$ 

1.10 

280.  761 

.25 

1.5.417 

4.50 

1.040.7(57 

.15 

6,990.9U) 

a23.00 

1,5(58,140 

rt30.(X) 

8;i;j6,3i5 

401.490 
22:$.  342 
199, 1:$;$ 
690.361 
1,  (Ml.  879 
117,.3;$0 

15.9.  JUKI 

m.  600 
37.:$«i0 

2U9.8;$9 
70. 190 
69.:i77 

157,015 

160. 791 
47,  W4 


554 


DEEP   WATEEWAYS. 


Table  No.  9. — Oswego-MoJiawk  route,  eastern  division — Estimate  of  c.onsfmction 
of  30-foot  channel — Continued. 

SECTION  NO.  9  (STATION  7732  TO  STATION  8043),  FROM  ROTTERDAM  JUNCTION  TO 
1  MILE  NORTH  OF  SOUTH  SCHENECTADY— Continued. 


Quantity.    /^^,!5.F'\     Total. 


unit. 


Timber  crib: 

Oal£ feetB.M. 

Iron pound.s. 

Stone  fill cubic  yards. 

Lock  No.  19 

Operating  machinery 

Dams: 

Concrete cubic  yards. 

Concrete  core  wall do... 

Timber  in  foundation feet  B.  M. 

Piles  in  foundation linear  feet. 

Sheet  piling  in  foundation feet  B.  M. 

Iron pounds. 

Excavation cubic  yards. 

Embankment do... 

Cofferdam 

Bridges 


88,776 
7;i8.  t>80 
112, 984 


a  $50. 00 
.60 


32, 

9, 

1,406. 

218. 

28;5, 

i:i2, 

7.5, 


Total. 


0.00 

4.50 

a  22. 00 

.20 

a  33. 00 

.03 

.50 

.15 


S4,439 
22.  KiO 
67. 790 
965, 777 
KJO.OOO 


192, 
40, 
30, 
43, 

9. 

3. 
37, 

4. 
14, 
184, 


240 
5(X1 
945 
72  i 

:m 

mi 

913 

9a5 

(100 
4.37 


5, 725,  .530 


SECTION  NO.  10  (STATION  8043  TO  STATION  8423>,  FROM  1  MILE  NORTH  OF  SOUTH 
SCHENECTADY  TO  FRENCH  MILLS. 


Total. 


6(«.2.52 
4,6.54.025 

679, 757 

;«9.879 
1,168,794 

253.788 
7,S^.260 
4,(K)7.249 
3,259.155 
3.2.59,1.55 
15,604,521 
2,357,567 

1,516 


Excavation: 

Rock,  dry cubic  yard.s. 

Hardpan do... 

Clay do... 

Gravel do... 

.Sand    do... 

Earth do... 

Long  haul. shale '. do... 

Long  haul, quicksand do... 

Long  haul,  clay do . . . 

Long  haul,  gravel do... 

Long  haul,sanil do... 

Lona  haul, earth do... 

Right  of  way: 

Farmland acres. 

Town  land do... 

Entrance  of  streams 

Retaining  wall cubic  yards. 

Slope  walls square  yards . 

Back  fill cubic  yards. 

Timber  crib: 

Oak feetB.M. 

Hemlock do... 

Pine do... 

Stone  All cubic  yards. 

Iron  bolts pounds. 

LockNo.20.. 

Operating  machinery 

Dam : 

Concrete  cubic  yard. 

Cofferdam 

Bridges 


78.252 
92.175 
616,210 

87,576 

7,428,272 

1,068.988 

113.519 

730, 9.58 


1..548 
8 


$0.60 
.30 
.18 
.18 
.18 
.18 
.60 
.17 
.17 
.17 
.17 
.17 

100.00 
500.00 


4.  .50 
1.45 


a  .50, 00 

aao.CKl 
.60 


6.00 


$361,951 

1,396.208 

122,356 

61.178 

210.;»i 

45.682 

4,40(J,.5.56 

681.2:$2 

554,0.56 

.5.54,(1.56 

2,6.52,769 

400, 786 

151,600 
3,500 
30,294 
352. 1:54 
l:«,  ti54 
1.54,0.5:3 

4,379 
170.8.50 
32,070 
()8.111 
21.929 
884. 446 
IIKP.OOO 

9,288 

6,(K)0 

658,030 


14, 221,. 551 


SECTION   NO.  11  (STATION  842:3  TO   STATION  86()3),  FROM  FRENCH   MILLS  TO  ROAD 

TO  VOORHEESVILLE. 


Excavation : 

Rock,  dry cubic  yards.. 

Hardpan,  dry do 

Right  of  way,  farm  land acres.. 

Slope  wall square  yards.. 

Back  fill cubic  yards.. 

Timber  crib: 

Oak feetB.  M... 

Hemlock do  — 

aPer  1,000  feet. 


318,913 

$0.60 

5,368,895 

.m  i 

1,019 

100.00  i 

9.771 

1.45 ; 

378,981 

.25 

1.52,400 

n50.00 

5,-550,642 

a  23. 00  i 

$191,348 

1,610.669 

101,900 

14. 168 

94, 745 

7,620 
357,665 


DEEP    WATERWAYS. 


555 


Tablk  No.  0. — OsKwgo-Molui irk  route,  eastern  iJirixion — Eathnute  of  roiintrnrtion 
of  JO-foot  diannel — Continued. 

SECTION   NO.  11  (STATION   84-43  TO    STATION  8«J3),  FROM  FRENCH  MILLS  TO  UOAD 
TO  VOORHEESVILLE-Continue<l. 


Timber  crib— Continued. 

Pine ..foetB.  M..i 

Stone  All cubic  yards..! 

Iron  bolts pounds. . 

LockNo.  :.'I I 

Operating  machinery 

Locks  Nos.  ^.'riand  Si 

Operating  machinery i 

Dam:  i 

Concrete /...cubic  yards..; 

Excavation,  earth. do 

Concrete do 

Excavation,  earth do 

Bridges 

Total i 


Quantity. 


l,!Hi),:!()8 

lit7.«H4 

1,4.30,680 


unit. 


!»,  fiOl 
(JO,C!)t) 


also.  00 
.«0 


o.no 

.15 

(>.(I0 

.1.5 


Total. 


,589,3B0 


SECTION  NO.  li  (STATION    iHm  TO  STATION  H9S3),  FROM   ROAD  TO  VORHEESVfLLE 
TO  1  MILE  WEST  OP  NORMANSVILLE 


Excavation: 

Rock. dry    cubic  yards.. 

Clay do — 

Sand do 

Right  of  way,  farm  land acres.. 

Slope  wall square  yards.. 

Bridges . 

Total 


5.281 

4,03r,U41 

I,:i4.5,b8i» 

4.3;}4 

.3ti,771 

-4 


$<J.«0 
.15 
.15 

100.00 
1.45 


Sij.  160 
605,646 
2.(1, 882 
4:J3.400 

.5.?,  318 
1»4,212 


1.401,627 


SECTION  NO.  13  (STATION  8i»2:5  TO  STATION  !»1(I6+1«.5),  FROM  1   MILE  WEST  oF  NOR- 
MANSVILLE  TO  HUDSON  RIVER. 


Excavation: 

Rock,  hard,  dry cubic  yards. 

Rock,  dry do... 

Clay do  .. 

Sand do... 

Earth ..do... 

Right  ut  way: 

Farm  land acres. 

Town  land do... 

Railroad  changes miles . 

Retaining  wall cubic  yards. 

Slope  wall — sfjuare  yards. 

Backfill  cubic  yards. 

Timber  crib: 

Oak feetB.M. 

Hemlock do... 

Pine , do... 

Stone  fill cubic  yards. 

Iron  bolts I>ounds. 

Locks  Nos.  24.25.and2t5 

Operating  machinery 

L(xjks  Nos.  27.28. 2i».;3(i, and  31 - 

Operating  machinery 

Dam : 

Concrete cubic  yards. 

Excavation,  earth do... 

Concrete do... 

Bridges 


2,627,(«) 

537, 516 

6,954,04() 

IJl.tVKl 

.585 
13 


.547 


,7:{:J 
,  7t)5 


161.784 

18,789,595 

1,567,981 

273,784 
1,667,437 


.60 
.15 

.15 
.15 

lot).  00 
3,846.00 

4.'5<!»" 
1.45 


a  .Vt.  (10 

a  23. 00 

a  ;30. 00 

.60 

.08 


tJ.l'.O 

;!4.!Hlil 

6,  750 

5 


.15 

ti.lKI 


81, 707,  .570 

:i22.510 

1.04;i.l07 

!»9.24<) 


'(8,  .500 
.50,000 

119,  iMU 
33.768 
41,6(3 

i:J6,im 

S,089 

4:32.  Itjl 

47.(«» 

161.270 

50.  (KJ 

4,730.697 

235, 0(X) 

7.445.609 

;550,(W0 

2t;ti,  970 

5. 2;i5 

10,  .VN) 

212.367 


Total 


ir.  648. 919 


a  Per  1,000  feet. 


550 


DEEP    AVATEKWAYS. 


Table  No,  1). — Osiceyo- Mohawk  route,  eastern  division — Estimate  of  constmction 
of  30-foot  c/iaHwe/— Continued. 

SUMMARY. 


Section. 

Station  to  station. 

Total  cost. 

1                                 .                

4789+91.5  to  4848 

$535,431 
0,  .512, 731 
6.6t58,720 
857, 859 
8,  i;i6. 131 
7,929,82<J 
8.72ti  412 

o 

4848to5118 

3               

5118  to  5175 

5175  to  5260 

5260  to  5651 

4 - 

5                     

t)   

5651to6103 

7 

610;Jto68()0 

8 

f)800  to  77:J2 1 6. 2(  l;-i  ( isr. 

i)    .... 

7732  to  8043 

5,725,5:i0 
11  '>>i  r,r.i 

10 

8043  to  8423 

11 

842;)  to  866;$ . .                .        !     .   7'.-i8r»  fiiui 

12 

8663  to  8923 

1,491.027 
17,648,i)l<.t 

l(r2.249,191 

13 

892;no  9106+18. 5 

Table  No.  10. — Oswego-Mohawk  route,  eastern  division — Estimate  of  constvuction 

of  21-foot  channel. 

SECTION   NO.  1  (STATION   4789+91.5   TO   STATION   4S4,s+(i()),  FROM   ITKRKIMER    TO   li 
MILES  EAST  OF  HERKIMER. 


■ 

Quantity. 

Cost  per 
unit. 

Total. 

Excavation: 

Gravel 

838,919 

«01,8t)3 

601,862 

189 

80.18 

.18 

.18 

100.00 

SI  51  005 

Sand 

Earth 

do.... 

...-  do.... 

]iis.:i:i5 
Kis.:};}.-, 

is  'M»i 

Entrance  of  streams -.     .  . 

2. 3.52 

Slope  wall 

square  yards.. 

29,814 

1.10 

32, 795 

Total 

421,723 

SECTION  NO. 


(STATION  4848  TO  STATION  5118),  FROM   1}  MILES   EAST  OF  HERKI- 
MER TO  LITTLE  FALLS. 


Excavation: 

Rock,  dry  (quartzite) .cubic  yards. 

Rock,  wet  (quartzite) do. .. 

Rock,  artificially  dry  (quartzite) do... 

Clay. ■ do... 

Gravel do... 

Sand do... 

Earth do... 

Diversion 

Right  of  way: 

Farmland acres. 

Town  land do... 

Railroad  changes miles. 

Retaining  wall cubic  yards. 

Slope  wall square  yards. 

Back  fill cubic  yards. 

Timber  crib: 

Oak feetB.M. 

Hemlock do... 

Pine do  .. 

Stone  fill cubic  yards. 

Iron  bolts pounds- 
Lock  No.  11 :. 

Operating  machinery 

Dam: 


Concrete,  dam  and  wing  wall ...cubic  yards. . 

Concrete,  core  wall do 

Excavation,  earth do 

Embankment do 

Cofferdam 


Total . 


342.786 
137.078 
111.445 
7,50;024 
504;  467 
3,263,024 
1,481,095 


SO.  75 
2.50 
l.OQ 

.18 
.18 
.18 
.18 


808 

3.05 

.50.355 

116, 720 

149.071 

103,440 
7.293,a55 
1, 616, 445 

110,210 

785,255 


100.00 
14,280.00 


21,606 
10,000 
53,630 
45,750 


4.00 

1.10 

.25 

a50.00 

a  23. 00 

aSO.OO 

.60 

.03 


6.00 

4.  ,50 

.18 

.15 


$257. 090 
342. 695 
111,445 
r-V)jm 

!H),  M)4 
587.:i44 
2(56,  .597 

(W.OOO 

86,800 
71,430 
2;i,8.51 
201.420 
128, 392 
37,268 

5,173 
167, 747 

48, 493 
6t;.  120 
23.  .5.58 
560, 9li.S 
100,000 

129,6.36 

45,(X)0 

9.6.5;^ 

6,863 

12.800 


3, 576, 156 


a.  Per  1,000  feet. 


DEEP    WATERWAYS. 


.57 


Table  No.  10. — Oswego- Mohawk  route,  eastern  (liviskm — Estimate  of  construction 
of  2l-f()ot  channel — Continued. 

SECTION  NO.  3  (STATION  5118  TO  STATION  5175),  LITTLE  FALLS. 


Excavation,  rock,  dry  (quartzite) cubic  yards. 

Ripht  of  way: 

Farm  land acres. 

Town  land do... 

Retaining  wall cubic  yards'. 

Timber  crib; 

Oak feet  B  M. 

Hemlock do... 

Pine do... 

Stone  fill cubic  yards. 

Iron  bolts .-. pounds. 

Locks  Nos.  12  and  13 

Operating  machinery , 

Dam: 

Concrete,  dam  and  wing  walls cubic  yards. 

Excavation,  earth do . .  . 

Cofferdam 

Bridge 


Total. 


Quantity.     Co«t?er 


l,«jr,425  $0.75 

47  I      IIJO.OO 

37  22.124.00 

54,405  4.00 


19,200 

»20, 400 

;}67, 200 

9,«60 

79,500 


5, 150 
6,ei0 


a  .50.  m 

a2:{.00 

a  30. 00 

.60 

■    .03 


0.00 
.18 


Total. 


fl,37s,0fl9 

4.700 
81S,.588 
217,830 

060 

21,HiJ> 

11,016 

5,79« 

2,;«5 

2,434,589 

175, 0(» 

30,900 

1,190 

27,000 

63.383 


5,195,364 


SECTION  NO.  4  (STATION  5175  TO  STATION  5260),  FROM  LITTLE  FALLS  TO  THREE- 
FOURTHS  OF  A  MILE  BELOW  SUSPENSION  BRIDGE. 


Excavation: 

Rock,  hard,  artificially  dry  ..^ cubic  yards. 

Sand do  .. 

Diversion 

Right  of  way,  farm  land acres. 

Slope  wall square  yards. 

Timber  crib: 

Oak feetB.M. 

Hemlock do... 

Pine do... 

Stone  fill - cubic  yards. 

Iron  bolts - pounds. 

Bridge 


Total. 


293 
73, 789 

35,040 

2,689,740 

9<H5,a)0 

13,625 

314,525 

1 


100.00  I 
1.  10  I 

aSO.OO 

a  23. 00 

a  30. 00 

.60 

.08 


$147,717 

301,328 

10,000 

29,  .300 

81,168 

1.7.52 
61,865 
27,189 
26, 175 

9,436 
90,666 


78f),.596 


SECTION    NO.    5   (STATION    5260    TO  STATION   5651),  FROM   THREE-FOURTHS   OF  A 
MILE  BELOW  SUSPENSION  BRIDGE  TO  ST.  JOHNSVILLE. 


Excavation: 

Rock,  dry cubic  yards. 

Extra  for  lock,  rock,  dry do... 

Rock,  artificially  dry do... 

Clay do... 

Gravel do... 

Sand - do... 

Earth do... 

Earth,  extra  for  lock do... 

Diversion 

Right  of  way.  farmland acres. 

Railroad  changes miles. 

Entrance  of  streams 

Retaining  wall -- cubic  yards. 

Slope  wall square  yards. 

Backfill cubic  yards. 

Timber  crib: 

Oak feetB.M. 

Hemlock do... 

Pine do... 

Stone  fill cubic  yards. 

Iron pounds. 

Lock  No.  14 

Operating  machinery — 

Dam: 

Concrete,  dam  and  wing  wall cubic  yards. 

Excavation,  earth do... 

Coflferdara --- 

Bridge 


Total. 


861, 759 

82,804 

906,112 

242,450 

1,708,542 

4.398.096 

1,523,982 

93, 793 


2,200 
4.22 


135,696 
128.745 
238,510 

102,240 

.5,292,820 

2, 747,  ,520 

102. 030 

688,192 


$0. 65 
.60 
.75 
.18 
.18 
.18 
.18 
.32 


100.00 


4.00 

1.10 

.25 

aSO.OO 

O23.00 

a  30. 00 

.60 

.03 


&5.960 
♦i8,944 


6.00 
.50 


$580,143 

49,682 
679.  .584 

43,tUl 
307.538 
773. 6.57 
274.  .317 

30.014 
200,000 
230.000 

73.795 

2,006 

.542,784 

141,630 

57,138 

5,112 
121,735 
83.426 
61.330 
20.64<} 
684.  :U8 
IW.OOO 

215,760 
at.  472 
30,000 
71,082 


.  :r2. 730 


a  Per  1.000  feet. 


558 


DEEP    WATEKWAYS, 


Table  No.  10. — Osivego- Mohawk  route,  eastern  division — Estimate  of  construction 
of  21-foot  c7ion?ie7— Continued. 

SECTION  NO.  6  (STATION  5ft51  TO  STATION  Gl(«),  FROM  ST.  JOHNSVILLE  TO 

CANA.IOHABIR 


Quantity.    F^ft,?^^ 


Excavation: 

Rock,  dry cubic  yards. 

Rock,  dry,  extra  for  lock do... 

Rock,  wet.   do  .. 

Rock,  artificially  dry do... 

Clay do... 

Gravel - - - do... 

Sand -.do... 

Earth do... 

Earth, extra  for  lock do... 

Diversion 

Right  of  way: 

Farm  land acres. 

Town  land do. 

Railroad  changes miles. 

Entrance  of  streams 

Retaining  wall cubic  yards. 

Slope  wall square  yards. 

Back  fill cubic  yards. 

Timber  crib: 

Oak feetB.  M. 

Hemlock do... 

Pine do... 

Stone  fill cubic  yards. 

Iron  bolts pounds. 

Lock  No.  1.5 

Operating  machinery 

Dam : 

Concrete,  dam  and  wing  wall cubic  yards. 

Excavation,  earth do... 

Cofferdam 

Bridge 


96, 214 

73,814 

88,4^9 

567,  710 

l,12--'.(Ki.5 

2,0.57.292 

7,  ISO.  .540 

2, 304,. 549 

96,979 


unit. 


SO.  ta 

.60 
2.  (JO 
.75 
.18 
.18 
.18 
.18 
.32 


1,544         100.00 

30  I  2,800.00 

1.51  '. 


33,560 
270,089 
120,784 

122,880 

5,388,910 

3,094,800 

106,080 

732,467 


Total. 


4.00 
1.10 


a  50. 00 

a  2:^.  00 

rt30.00 

.60 

.03 


22,494 
50,210 


6.00 
.50 


Total. 


862,539 

44,288 

176,  a58 

425,783 

201,972 

370,313 

.292,497 

414,819 

31,0;53 

185,000 

1.54,400 
84,000 
26,304 
2,569 
1.34,240 
297,098 
30,196 

6,144 
123.945 
92, 844 
63,648 
21,974 
615.861 
1(X),000 

134,964 
25, 105 
14,.5(X) 
90, 770 


5,223,664 


SECTION  NO. 


(STATION  (il03  TO  STATION  tiSOOi,  FROM  CANA.IOHARIE  TO 
FULTONVILLE. 


Excavation: 

llock,  wet cubic  yards. 

Rock,  artificially  dry do... 

Clay  and  bowlders,  dry do... 

Clay do... 

Gravel do... 

Sand  do... 

Earth do... 

Earth,  extra  for  lock do... 

Diversion 

Right  of  way: 

Farm  land ceres. 

Town  land do... 

Railroad  changes miles. 

Entrance  of  streams 

Retaining  wall cubic  yards. 

Slope  wall  square  yards. 

Back  fill cubic  yards. 

Timber  crib: 

Oak feetB.  M. 

Hemlock do... 

Pine - do... 

Stone  fill cubic  yards. 

Iron  bolts pounds. 

Lock  No.  16 

Operating  machinery 

Dam: 

Concrete,  dam  and  wing  wall cubic  yards. 

Timber  in  foundation feet  B.  M. 

Piles  in  foundation  linear  feet. 

Sheet  piling  in  foundation. feet  B.  M. 

Iron pounds. 

Excavation,  earth cubic  yards. 

Embankment do... 

Cofferdam 

Bridges 


15,199 

181,404 

475.667 

2,892,628 

1,115.445 

1.5,000,066 

4,166,681 

280,120 


2,422 

96 

3.64 


Total. 


49,215 
479,311 
330,371 

158,400 
9,iW0,000 
3,980,800 

171,000 
1,223.760 


19,902 
1,191,000 
163,320 
262,800 
102. 0(K) 
53.400 
3,700 


S2.00 
.75 
.20 
.18 
.18 
.18 
.18 
.32 


100.00 
3,193.00 


4.00 
1.10 


a  .50.  (X» 

a  Z\.  00 

a  30. 00 

.60 

.03 


6.00 
a  22. 00 
.20 
a33.00 
.03 
.50 
.15 


830,398 

i;36,a53 

95,i;« 

.520;  673 

200, 780 

2,700,012 

750.0i)3 

89,638 

55,000 

242,200 
306,  .528 

40.  .560 

4,252 

196,860 

527,242 

82,1)93 

7.920 
227,700 
119,424 
102, 600 
36,713 
721,484 
100,000 

119,412 

26,202 

32,664 

8, 673 

3,060 

26,7  0 

555 

25,(KHJ 

160, 698 

7,6'J6,7:30 


a  ^er  1,000  feet. 
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Taiile  No.  10. — Onwego-Mohau'k  7'oute,eaHter7i  diviHioti — E»timafe  of  <-(iiisfriicfi<m 
of  '^l-fiiot  channel — Continned. 

SECTION  NO.  K  (STATION  «8(X)  TO  STATION  77:13),  FROM  FULTONVILLE  To 
ROTTERDAM  JUNCTION. 


Cost  per       m  .  J 


Excavation: 

Rcick, extra  for  liM-k cubic  yard.s. 

Rock,  dry do... 

R(X'k.wet do.:. 

Rock. artificially  dry do... 

Clay  .  do... 

Gravel do... 

Sanil do... 

Quicksand do... 

Earth .-. do... 

Earth,  extra  for  locks do.. . 

Diversion , 

Rlglitofway: 

Farm  land '. acres. 

Town  land do  .. 

Railroad  changes. miles. 

Entrance  of  streams 

Retaining  wall cubic  yards. 

Slo)!e  wall square  yards. 

Back  fill... cubic  yards. 

Timber  crib: 

Oak -.   feetB.M. 

Hemlock do... 

Pine ...do... 

Stone  till. cubic  yards. 

Iron  bolts pounds. 

Lock  No.  17... 

Operatinjr  machinery 

Lock  No.  18 

Operating  machinery 

Dam  at  Amsterdam: 

Concrete,  dam  and  win^  wall cubic  yards. 

Excavation,  earth do... 

Cofferdam 

Dam  at  Cranesville: 

Concrete cubic  yards. 

Timl)er  in  foundation... feet  B.  M. 

Piles  in  foundation linear  feet. 

Sheet  piling  foundation feet  B.  M. 

Iron pounds. 

Excavation,  earth cubic  yards. 

Cofferdam 

Bridges ...-. 

Steam  ferry 


Total. 


SECTION  NO.  9  (STATION  77;£i  TO  STATION  8043),  FROM  ROTTERDAM  JUNCTION  TO 
1  MILE  NORTH  OF  SOUTH  SCHENECTADY. 


Escavation: 

Rock,  dry! cubic  yards.. 

Hardpan do  .... 

Clay do 

Gravel do 

Sand do 

Earth do 

Earth,  extra  for  lock do 

Right  of  way: 

Farm  land acres.. 

Town  land do 

Retaining  wnll cubic  yards.. 

Core  wall  in  embankmenrs do  ... 

Slope  wall Sfjuare  yards  . 

Back  fill cubic  yards.. 

Embankment _ do 

Timber  crib: 

Oak ■. feetB.M.. 

Hemlock do 

Pine do 

Stono  fill cubic  yards.. 

Iron  Ixilts pounds.. 

Lock  No.  19 

Operating  machinery ..  ..... .... 

Dam: 

Concrete,  dam  and  wing  wall cubic  yards.. 

Concrete,  core  wall dc. 

>i  P..1-  1  ijiii)  f....f 


*S}.9*{ 

$0.60 

$.'<J0,:!73 

4«8.KJ7 

.30 

146,561 

MM,  497 

.18 

179,0(19 

1,325,996 

.18 

3:18,  «7!» 

l,t>57,4Ri 

.18 

298,  :M9 

1,9H8,989 

.18 

a58,(a8 

a»6.(J95 

.33 

i«.a-)0 

I..-)!);! 

1()0.(-0 

159, ;«) 

3i; 

3.(500.(111 

\x.i.m\ 

3,818 

4.00 

l.>,372 

1.5,417 

4.5(» 

09,377 

197.  S.W 

1.10 

317.645 

1.">H.  lt)!l 

.35 

;»..542 

1,0!«,4LV. 

.15 

l.->.5,014 

93.;«« 

aaO.OO 

;,tw7 

5,;&»,740 

a  33. 00 

13:},  1.59 

1,568, 14« 

a  30. 00 

47,044 

6U5.304 

.60 

36:{,3:« 

frt).  240 

.(« 

3, 677 
ri3!t,tVi0 
100,000 

;>:i.(>40 

().(«• 

i:<3.340 

9,011) 

4..T0 

40,-i00 
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Table  No.  10. — Oswego-Mohaivk  route,  eMstern  division— Estimate  of  con  st  met  ion 
of  21-foot  channel — Continued. 

STATION  NO,  9  (STATION  7733  TO  STATION  8043),  FROM  ROTTERDAM  .JUNCTKJN  TO 
1  MILE  NORTH  OF  SOUTH  SCHENECTADY-Continued. 


Dam— Continued . 

Timber  in  foundation feet  B.  M. 

Piles  In  foundation linear  feet. 

Sheet  piling  in  foundation feet  B.  M. 

Iron pounds- 

Excavation,  earth cubic  yards. 

Embankment do... 

Cofferdam - 

Bri:lges 


Total . 


Quantity.     Cost  per 


1,406,600 

218,610 

28:$,  200 

i:{2,  (KK) 

75. 825 

;j2,tl00 


aS33.00 
.20 

.0!} 
.  50 
.15 


Totiil. 


S30,  !H5 

43, 722 

i»,:M6 

3. 960 

37,913 

4.9:r) 

14.000 

156.(>(t2 


4.041,284 


SECTION  NO.  10  (STATION  8043  TO  STATION  8423),  FROM  1  MILE  NORTH  OF  SOUTH 
SCHENECTADY  TO  FRENCH  MILLS. 


Excavation: 

Roc)< cubic  yards. 

Hardpan do... 

Clay do... 

Gravel do... 

Sand --. do... 

Earth - do... 

Rock,  long  haul do... 

Clay. long  haul do... 

Gravbl.iong  haul do.  . 

Sand,  long  haul - do... 

Earth, long  haul do... 

Quicksand, long  haul do... 

Right  of  way: 

Farm  land acres. 

Town  land do... 

Entrance  of  streams , 

Retaining  walls cubic  yards. 

Slope  walls square  yards- 
Back  fill cubic  yards. 

Timber  cribs: 

Oak feetB.M. 

Hemlock do... 

Pine do... 

Stone  fill cubic  vards. 

Iron  bolts pounds. 

Lock  No.  20 

'  Operating  machinery 

Dam: 

Concrete  dam cubic  vards. 

Cofferdam .'. 

Bridges 


Total . 


238,237 

3,645,077 

470,334 

ia5,167 

954,660 

149. 1.59 

5,945,815 

2,9.54,860 

3,357,607 

13,986.595 

1,816,949 

3, 123, 702 

1,516 

7 


$0.60 
.30 
.18 
.18 
.18 
.18 
.1)0 
.17 
.17 
.17 
.17 
.17 

100.00 
500.  (JO 


18,682 
118.  .512 
284,666 

86.160 
.5,382,440 
1,060,900 

81,7.50 
557, 880 


4.50 

1.45 

.25 

u 50. 00 

a  30. 00  ' 
.60  1 
.03  : 


1,548 


ti.fJO 


S142, 942 

1,093.  .52:1 

84.  titJO 

24.  ;m 

171.  WiO 

2ii.  mt 

3,.5lil.4S9 

502,  :m 

.57(1.7(13 
2,377.721 

ais.^Mi 

Ml,  1)29 

151.600 

3..-)(J0 

30.2!»4 

84. 069 

171.843 
71,167 

4,:508 
123, 7!« 
31.827 

lt).;:5() 
577. 2(19 
KKI.OOO 

9.288 

6,(K)0 

60!},  278 

11,4:56,346 


SECTION  NO.  11  (STATION  8423  TO  STATION  8663),  FROM  FRENCH  MILLS  TO  ROAD 

TO  VOORHEESVILLE. 


Excavation: 

Rock,  dry cubic  yards. 

Hardpan,  dry do... 

Right  of  way,  farm  land acres. 

Slope  wall. square  yards- 
Back  fill cubic  vards. 

Timber  crib: 

Oak    feet  B.JVI- 

Hemlock do 

Pine do... 

Stone  fill cubic  vards- 

Iron  bolts pounds. 

Lock  No.  21 

Operating  machinery 

Locks  Nos.  22  and  23 '. V..\[[""V' 

Operating  machinery 

Dam: 

Concrete  dam cubic  yards - 

Excavation,  earth do 

Concrete  dam ..'.'.'.'.  '. ""  do     ' 

Excavation,  earth  do' 

Bridges 


Total. 


160,883 

4,151,268 

1,019 

14,&58 

212,725 

149,520 
9,862,660 
1,891,000 

142,010 
1.051,620 


§0.60 

.30 

100.00 

1.45 


a  50. 00 

a23.00 

«30.00 

.60 

.03 


9,601 
29,800 
60,696 
99.000 
2 


6.00 
.15 

6.00 
.15 


S96,,5.30 
1,245,380 

llO.ftOO 
21.2.54 
5:3, 181 


476 

841 
730 
206 
.549 
626 
000 
Kio 
000 


226 

56 
&5 
31: 
728, 
100, 
,172: 
175, 


.57.00(5 

4,470 

364. 176 

14.850 
162.180 


714.120 


a  Per  1,000  feet. 
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T  VBI.E  No.  li).—().'<ir<ii(>-Mt>h(in'k  route,  euHtern  iUvimm—EHthnate  of  a  mat  met  ion 
of  ^'1-foot  c/tuHJw/— Continued. 

SECTION   NO.  12  (STATION  8663  TO  STATION  8923),  FROM  ROAD  TO  VOORHEESVH.LE 
T( )  1  MILE  WEST  OF  NORMANSVILLE. 


Excavation : 

Clay uliic  yards. 

Sand - do  .. 

Right  of  way,  farmland acres. 

Slope  wall square  yard« 

Bridges 

Total 


Quantity.     '^'^IX'' ^     ^..1^1. 


3,292,919 

l.()!t7,«i;W 

4.aM 

44. 479 


*).  15 

.15 

KIO  (M 

1.45 


ltit.61«( 
43(,t.K» 
ti4  495 
HKi.  isi 


1,318,  tlW 


SECTION  X<).  13  (STATION 


>'.»:j;>  Tw  .si'ATloN  sniiti-r  l >..',.,  . 
VILLE  TO  HUDSON  RIVER. 


lioM  U(t.\l)  TO  VooHHKKS- 


Excavation: 

Rock,  hard,  dry. 

Do 

Clav       

cubic  yards.. 

do 

do.... 

2,049,345 

222,08;i 

5, 5:12,  .532 

386,446 

278,737 

585 
13 

2,6:Jt} 
39.2:m 

311.82:1 

188,880 

17,  .527, 041 

2,27.5.805 

260, 472 

1,. 593. 976 

$0.65 
.60 
.15 
.15 
.15 

IW.OO 
3.846.00 

SI. 332,009 
I:?!,  250 

Sand 

Earth           

do.... 

do 

57.967 
41,811 

Right  of  way: 

acres.. 

58,  .500 

Town  land 

Railroad  changes 

Retaining  walls 

do... 

miles  . 

cubic  yard.s.. 

square  yards.. 

.5(».(«KI 
119,  <«« 

4.  .50 

1.45 

.25 

(i.'iO.OO 

rt2:{.oo 
a;«».oo 

.<H) 

..« 



11.8«tJ 
.56,889 

Backfill 

Timber  crib: 

Oak 

Hemlock 

Pine 

Stone  lining 

Iron  bolts 

cubic  yards. . 

.feet  B.M. . 

do---- 

do... 

cubic  yards- 

pounds.. 

77,956 

9, 444 

4(13, 122 

68.274 

15»-).28:i 

47.819 

3.0t)5,2«5 

V.  .  -, 

22.5.  («KI 

Locks  Nos.27,28,-'y.:!»l,and:;i 

Operating  machinery 
Dam: 

Concrete  dam 

Excavation,  earth 

Concrete 

1 

1 

4,  .5:13. 7(9 
350,  (M) 

cubic  yards.. 

do... 

do... 

44,495 

34,«a» 

6.750 

6.00 

.15 

6.00 

2B6.970 
.5.2:1.5 

40.  .500 
179,499 

Total                                   

1 

12,121,2:58 

(t  Per  1,000  feet. 
SUMMARY. 


Total  cost. 


1  4789+91. 5  to  4848. 

'>  -..    4.s4sto5118 

S"  ;  5118  to 5175 

4" I  5175tfi5260 

5  1  a2<iO  to  .5«i51 

6  i  56.51  t<>6l(i:{.   

7  61t«to68((»    

a i  68(.(l  to  77:12 

jl  ..77:12  to  804:1 

10    "  ...    8<lt3  to 842:1 

ll'" .    842:fto8»H« 

13      '  . . .    8«i«:l  to  892;i   

13 ■/.;;;;.; ...,  892:1  t<>9UK+ is. s 

GrUUd  tot  11; 


S421, 

3.576, 

a,  19.5, 
7i">s, 

5,3:2. 

5.22:1. 

7.  tiJf.. 
14.812. 

4.(itl. 
ll,4:t»i. 

5.714. 

1.318. 
12.121. 


1.5»5 

:it>4 
.596 

7:iii 

(i(U 

7:ai 
V.n 
2S4 
:m 
12t> 
6.59 
236 


111  closing  this  report  I  desire  to  express  to  each  member  of  the 
United  States  Board  of  Engineers  on  Oocp  Waterways  my  full  appre- 
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elation  of  the  universal  courtesy  at  all  times  extended  to  me  during 
the  progress  of  this  work,  and  the  full  liberty  given  in  the  selection 
of  my  assistants,  and  discretion  allowed  in  obtaining  the  information 
desired . 

I  also  desire  to  take  this  occasion  to  state  my  indorsement  and 
hearty  cooperation  in  the  wisdom  of  the  suggestions  and  instructions 
as  issued  from  time  to  time  by  this  Board,  as  so  greatly  facilitating 
the  obtaining  of  the  results  desired. 

In  view  of  the  large  number  of  men  employed  at  different  times, 
special  mention  can  not  be  made  of  each,  but  I  desire  to  thank  each 
one  and  state  my  full  appreciation  of  the  value  of  the  services  ren- 
dered and  the  care,  zeal,  energy,  and  interest  in  the  work  as  displayed 
by  each  employee,  and  which  so  largely  contributed  to,  I  think  I  can 
state,  its  successful  completion.  The  names  of  those  who  filled  the 
more  impoi-tant  positions  in  the  field  and  office  are:  John  McC'omb, 
James  J.  Overn,  J.  W.  Paxton,  E.  M.  Durham,  jr.,  C.  E.  Pelz,  and 
E.  C.  Reynolds,  instrument  men;  A.  I).  Raymond,  level  man;  W.  H. 
Breen,  superintendent  of  borings;  Oliver  B.  Harden  and  II.  Tracy 
Fisher,  draftsmen,  and  Ileningham  Gordon,  recorder. 
Respectfully, 

I).  J.  Howell, 

Assistant  Engineer. 

The  Board  of  P^ngineers  ox  Deep  Waterways. 


Appendix  No.  15. 

TIDAL  HUDSON, 

Detroit,  Mich.,  August  J,.,  1899. 

Gentlemen  :  I  herewith  very  respectfully  submit  to  j'ou  this  report 
pertaining  to  survej^s  and  borings  of  the  Hudson  River  and  approxi- 
mate estimate  of  the  cost  of  improvement  from  the  State  dam  at 
Troy,  N.  Y.,  to  the  Atlantic  Ocean. 

First.  For  a  channel  varjdng  from  300  to  000  feet  in  width,  with  a 
depth  of  21  feet  below  low  water. 

Second.  For  a  channel  varying  from  300  to  (iOO  feet  in  width,  with 
a  depth  of  30  feet  below  low  water. 

The  Hudson  River  is  an  arm  of  the  sea,  extending  iidaiul  lot)  miles, 
and  the  general  direction  is  north  and  south. 

Extensive  improvements  have  been  made  in  the  past  by  the  State 
of  New  York  and  also  by  the  Federal  Government,  and  at  present  a 
12-foot  channel  is  maintained  between  New  Baltimore  and  Broadway, 
Troj%  N.  Y.  Between  New  Baltimore  and  Hudson  Gity  no  improve- 
ments were  necessary  to  maintain  the  12-foot  channel,  but  a  dike  has 
been  constructed  by  the  Federal  Government  closing  up  the  channel 
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west  of  lironk  Island,  and  the  lu'ads  of  Lijjht-liouse  and  Coxsuckie 
islands  have  been  protected  from  abrasion  by  pile  dikes.  Dnring  the 
dry  season  the  stajre  of  the  river  is  larj^ely  dependent  upon  the  tidal 
flow,  and  the  <»bb  and  flocxl  cnrrents  are  well  defin«Hl  in  their  proper 
dii'eetions. 

The  Statr  <Uim  at  1  toy,  N.  V.,  is  a  division  between  the  tidal  and 
nontidal  sections  of  the  river,  and  dnring  the  dry  season  of  1897  the 
mean  rise  and  fall  of  tides  at  that  point  was  1.41)  feet.  Dnring  ordi- 
nary stages  of  the  i-iver  al)ove  the  dam,  when  the  river  discharges  an 
average  quantity  of  water,  the  flood  currents  are  not  so  well  defined, 
but  the  el)b  currents  are  still  plainh'  marked.  During  freshets  the 
tidal  action  is  lost  sight  of  entirely,  and  during  ordinary  spring  fresh- 
ets the  river  rises  from  0  to  8  feet  above  mean  low  water. 

The  highest  recorded  stage  of  water  at  Albany,  N.  Y.,  cau.scd  Ijy 
rainfall  alone,  occurred  in  October,  1801),  the  rise  in  the  river  being 
11)  feet  above  mean  low  water.  The  highest  known  stage  of  the  river 
at  Albany  occurred  in  February,  1857,  and  was  caused  by  an  ice 
gorge  at  Van  Wies  Point,  and  is  recorded  at  22  feet  above  mean  low 
water.  The  greatest  known  depth  of  water  in  recent  years  on  the 
crest  of  the  dam  at  Troy,  N.  Y.,  occurred  March  1,  189G,  and  is 
recorded  as  9.92  feet,  making  an  elevation  of  high  water  of  23.4  feet. 
It  will  not  be  necessary,  however,  to  dwell  upon  the  high-water 
problem  below  the  State  dam,  since  the  deepening  of  the  channel 
would  relieve  that  condition  to  a  great  extent. 

LOW    WATER. 

It  is  problematical  how  much  the  increased  area  of  channel  will 
decrease  the  stage  of  mean  low  water  at  the  State  dam  in  Troy,  X.  Y. 
During  an  extreme  low  stage  of  the  Hudson  Ri^'er  no  water  runs 
over  the  <lam  at  all,  and  the  only  supply  which  the  tidal  section  of 
the  river  receives  during  that  time  is  water  supplied  by  lockage  from 
the  canal,  leakage,  and  through  the  water  wheels.  During  this  time 
the  discharge  is  approxiniately  between  3,000  and  4,000  cubic  feet  per 
second.  The  plane  of  mean  low  water  of  1897  at  the  State  dam  is 
0.37  foot  lower  than  the  mean  low-water  planeof  1870.  At  Green  Island 
a  difference  of  0.59  foot  is  recorded  between  the  two  planes  in  the 
same  direction,  and  at  Albany  the  mean  low-water  plane  of  1897  is 
0.05  foot  lower  than  the  plane  of  mean  low  water  of  1870. 

In  establishing  the  grade  line  upon  which  this  estimate  is  ba.sed  I 
assume  that  the  elevation  of  extreme  low  water  at  the  State  dam, 
after  the  improvements  are  nmde,  will  be +1.23  feet  and  at  Green- 
bush  +  0.24  foot.  The  distance  between  these  two  points  is  8.24 
miles,  making  the  slope  0.12  foot  per  mile,  approximately.  At  Stuy- 
vesant,  the  elevation  of  low  water  is — 0.18  foot,  and  the  low-water 
stage  there  will  not  be  affectetl  by  the  improvements  contemplated. 
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The  distance  between  Greenbnsli  and  Stuj'vesant  is  17.22  miles,  and 
the  total  slope  is  0.42  foot  between  these  two  points.  Between  Stuy- 
vesant  and  Hudson  City  the  stage  of  low  water  will  not  be  affected 
by  any  improvements,  and  quantities  were  computed  for  a  21  and  30 
foot  depth  of  channel,  respectively,  below  this  plane. 

Very  reliable  elevations  of  low  water  couhl  not  bi'  obtained  below 
Coxsackie  during  the  time  the  survey  was  made,  on  account  of  the 
continuous  freshets  whicli  affected  the  river  in  the  autumn  of  1808 
and  spring  of  1899.  In  May,  1899,  elevations  of  —0.77  foot  were 
obtained  by  staff-gauge  i-eadings  at  Hudson  City  during  ebb  tide,  and 
approximate  (piantities  were  based  on  tliis  elevation  and  the  elevation, 
— 0.18  foot,  at  Stuyvesant. 

It  will  be  necessary,  however,  to  investigate  the  stage  of  low  water 
more  thoroughly,  and  if  necessary  modify  the  grade  line  upon  wliich 
this  approximate  estimate  is  based  l)efore  the  contemplated  impi-ove- 
ments  are  undertaken. 

TIDES. 

[Deduced  from  information  obtaiued  from  Mr.  R.  H.  Talcott,  United  States  assistant  engineer, 

Aloanv,  N.  Y.  | 


Mean 
Location.  i    high 

tide. 


State  Dam 

Covin  Folly  Light . 

Albany , 

Castleton 

New  Baltimore . . . . 
Stuyvesant  Light  . 

Hudson    

Germantown . 


Mean 
tide. 


+4.64  +3.90 

+4.29  '  +3.83 

+4.09  '.  +2.67 

+3.61  i  +2.30 

+3.27  !  +1.67 

+3.02  !  +1.43 

+3.25  i  +1.25 

+3.20  i  +1.20 


Mean 

rise  and 

fall  of 

tide. 


Mean 

low      'i!!T,"„'i"    Year, 
tide. 


+3. 15 

1.49 

+1.36 

2.93 

+1.24 

2.85 

+0.99 

2.63 

+0.07 

3.20 

-0.18 

3.20 

-0.75 

4.00 

-0. 80 

4.00 

1897 
1897 
1897 
1876 
1876 
1871) 
1899 
1899 


SURVEYS. 

In  general,  the  metliod  employed  in  making  the  survey  was  in 
accordance  with  the  instructions  to  field  parties,  Appendix  No.  9. 

Befoi-e  starting  on  tlie  survey,  observations  were  made  on  Polaris 
and  a  true  azimuth  established.  A  base  line  was  then  rnn  from  the 
Congress  Street  Bridge  at  Tro}^  N.  Y.,  starting  with  station  0,  at  the 
origin  of  the  base  line  for  the  Oswego  route,  eastern  division.  This 
line  w'as  carried  across  the  Hudson  River  to  the  Troy  side  and  extended 
south  to  a  point  about  J  ^  miles  below  Hudson  City,  and  connected 
with  triangulation  point  273,  commonly  known  as  "AVisnall,"  of  the 
New  York  State  triangulation  system,  which  is  equal  to  base  line  sta- 
tion 1885+94.()3  of  the  Hudson  River  survey. 

As  the  base  line  w^as  advanced  observations  for  azimuth  were  made, 
whenever  possible,  every  5  miles,  corrections  for  easting  and  westing 
were  applied,  and  instrumental  error  found  and  distributed.  The 
latter,  however,  never  exceeded  3  feet  and  generally  fell  within  1  foot. 

After  the  base  line  had  been  extended  for  some  distance  the  levels 
Avere  carried  along   by  the   same   party,   benches  being  established 
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every  mile,  approximutely,  and  then  the  slioj-t'-liiic  Hurvcy  Avas 
taken  up. 

The  lattrr  e()iisist«*(l  eiilin-ly  of  a  stadia  survey,  the  elosinj;  ernn- 
for  distanee  hein^  limited  to  1  foot  in  500  feet  and  error  in  elevation 
O.o  foot  per  eireuit.  No  diflficnilty  was  found  in  keeping;  well  within 
these  limits.  All  stadia  cireuits  were  eonneeted  with  the  l)ase  line, 
and  eoordinates  of  stadia  hubs  werc^  eomputed  and  i(;lerred  to  the 
orijiin  of  the  circuit. 

The  shore-line  sni'v<>v  extended  fiom  the  State  dam  at  Tioy,  N.  Y., 
south  to  a  point  about  H  miles  below  the  city  of  Hudson,  the  total 
distance  being  approximately  '67  miles.  From  the  city  of  Hudson  to 
Livingston  Creek,  a  distance  of  5,1  miles,  a  30-foot  channel  already 
exists,  as  indicated  on  the  Coast  Survey  charts,  and  no  detailed  sur- 
veys have  been  m.ade  covering  this  stretch.  1'he  survey  was  taken 
lip  again,  however,  at  Livingston  Creek,  and  extended  south  a  dis- 
tance of  4.4  miles  to  a  point  below  Germantown.  Covering  this 
stretch  soundings  were  taken  on  ranges  500  feet  apart,  but  no  exten- 
sive borings  were  taken.  Occasionally  the  bed  of  the  river  was  tested 
by  using  a  half-inch  gas  pipe,  pointed  on  one  end,  and  forcing  it  down 
by  hand  to  a  distance  several  feet  below  the  bottom  of  tlu'  proposed 
channel.  The  material  encountered  was  a  fine  sand.  The  river  was 
also  examined  near  Barrytown  and  Khinebeck.  At  liarrytown  an 
estimate  was  made  for  di-edging  a  channel  about  3,r»(»0  feet  long 
across  the  bar  between  the  east  and  west  channels  for  the  30-foot 
canal.  No  work  is  required  for  the  il-foot  canal.  At  Khinebeck 
the  required  depth  was  found,  and  no  improvements  will  be  neces- 
sary. An  estimate  was  made  for  widening  and  straightening  the 
30-foot  channel  near  Sycamore  Point.  The  data  f«)r  this  purpose  was 
taken  from  the  Coast  Survey  chai-ts. 

LKVELS. 

xVll  el»-\alioii^  ill  coiiik-cI  ion  with  this  sui\eyare  referred  lo  the 
plane  of  mean  tide  at  Sandy  Hook,  and  depend  upcm  the  elevation 
-f  14.73  of  the  Greenbu.sh  l)ench  mark. 

The  method  <Mnployed  in  1  i';uistVi-i-iiiu-  l('\'«'ls  from  lliis  IxMicli  wms  ms 
follows : 

Duplicate  lines  of  levels  were  run,  backsights  and  foi-esights  never 
exceeding  250  feet  in  length,  and  if  the  eri-or  excee<led  0.05  feetx 
^distance  in  miles  between  bench  nuirks,  or  from  the  origin  of  levels 
to  any  bench  nuirk,  the  levels  were  rerun  to  bring  the  error  within 
th«'  ])fes<Tib(Ml  limits. 

SOUNDINGS. 

Soundings  were  taken  on  ranges  ap^»i-oximately  300  feet  apart, 
established  by  the  sounding  party,  and  subsequently  located  by  the 
stadia  party. 
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The  method  employed  in  taking  soundings  was  as  follows: 
A  flagman  was  placed  at  one  end  of  the  range,  and  it  was  his  duty 
to  keep  the  boat  on  range,  as  nearly  as  possible.  Soundings  were 
taken  at  from  ten  to  thirty  seconds  intervals,  depending  upon  the 
depth  of  the  water,  and  were  located  by  azimuths  taken  at  minuto 
intervals.  Only  one  instrument  was  used,  the  location  of  the  sound- 
ing being  the  intersection  of  the  azimuth  line  with  the  range  line. 
Generally  a  10-pound  lead  was  employed  in  taking  soundings. 

This  method  was  very  satisfactory.  The  boat  used  for  that  pur- 
pose, being  supplied  with  a  rudder,  could  be  kept  on  range  very 
closely,  and  the  error  in  locating  soundings  would  not  exceed  the 
limits  of  the  plotting. 

BORINGS. 

In  order  to  ascertain  the  character  of  mat(»rial  to  be  excavated, 
extensive  borings  have  been  made  at  intervals  of  1,000  feet  or  less, 
and  in  every  case  where  borings  were  located  within  the  limits  of  the 
proposed  channel  the}'  are  carried  below  the  depth  of  excavation  or 
to  the  rock  surface.  The  rock  found  in  the  Hudson  River  is  what  is 
known  as  Hudson  River  shale.  The  other  mateiial  met  with  in  the 
river  consistccl  of  bowlders,  gi-avd,  coarse  and  fine  sand,  clay,  and 
silt. 

I  think  tlial  all  the  material  to  bo  removed,  witli  tlie  exce])tion  of 
the  rock  and  bowlders,  can  be  handled  by  pumps.  In  all,  1,.'385  borings 
were  made,  with  a  total  of  28,9()5  feet  of  driving,  at  a  cost  of  25.11 
cents  per  linear  foot,  including  the  cost  of  plant.  Borings  were  taken 
on  the  sounding  ranges  and  were  located  by  intersections,  stadia  dis- 
tances, or  by  direct  measurements  from  the  ends  of  the  ranges. 

Nearly  all  the  borings  relating  to  the  investigation  of  the  Hudson 
River  below  the  State  dam  at  Troy,  N.  Y.,  were  taken  from  a  cata- 
maran and  scows  constructed  for  that  purpose,  and  the  method 
employed  was  as  follows : 

The  crew  for  each  boring  outfit  generally  consisted  of  1  foreman 
and  3  laborers.  Two  and  one-half  inch  pipe,  commercially  known  as 
*'  2^-inch  R.  H.  flush-joint  casing,"  manufactured  in  lengths  from  1 
to  10  feet,  was  lowered  to  the  bed  of  the  river,  and  hollow  rods,  com- 
monly known  as  "B  drill  rods,"  with  a  cross  bit  attached,  were 
inserted  iiito  the  casing,  the  upper  end  of  the  rod  being  connected 
with  a  hand  force  pump,  which  was  kept  on  the  scow. 

It  was  the  duty  of  one  man  to  work  the  pump  and  force  water 
through  the  drill  rods,  while  the  other  w^orked  the  drill  by  hand.  The 
drill  loosened  the  material,  which  was  then  forced  upward  through 
the  casing.  As  the  drill  advanced  into  the  bed  of  the  river  it  was 
followed  by  the  casing. 

Quite  frequently  very  formidable  obstructions  were  encountered  by 
the  drills,  such  as  large  cobblestones  and  bowlders,  and  more  forcible 
measures  had  to  be  resorted  to  in  order  to  pass  them.     When  that 
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was  the  case  the  diill  rotls  were  removed  Iroin  the  casing  and  one-half 
to  two  sticks  of  40  per  cent  Atlas  powder  were  lowered  into  the  hole, 
having  previously  been  connected  with  a  battery  on  the  scow. 

The  casing  was  then  hoisted  fi-oin  4  to  (5  feet  above  the  bottom  of 
the  hole  and  the  powder  exploded.  This  plan  would  g»'nerally  remove 
the  obstruction  and  tho  work  could  he  ('(»Mtiiiu<Ml  until  aiiotliei" 
bowkler  was  met  with. 

In  some  of  the  boiv  holes  between  Troy  an<l  Albany  it  would 
require  from  ten  to  thirty  shots  to  advance  below  the  depth  of  exca- 
vation necessary  for  a  3C)-foot  channel,  or  to  the  surface  of  bed  rock. 

Sam[)les  were  taken  when  the  flow  through  the  casing  indicated 
that  a  different  stratum  was  <'ii('()UMt(M'('d.  or  wImmi  it  was  considered 
necessary. 

The  total  number  of  samples  collected  is  ^548. 

The  rock  found  in  the  Hudson  River  is  a  hard  shale  and  dark  in 
coloi-,  and  in  nearly  every  case  when  this  rock  was  encountered  small 
fragnuMits  would  be  forced  thi'ough  the  casing;  or,  if  the  flow  after 
shooting  was  lost,  small  pieces  or  fragments  of  the  rock  would  be 
brought  to  the  surface  on  the  end  of  the  drill. 

PLOTTING. 

All  notes  were  plotted  in  the  field  office  as  the  work  progressed. 
The  scale  of  the  maps  was  1 :  5000.  On  the  completion  of  the  field 
work,  a  force  sufficient  to  estimate  the  work  necessary  to  ]>rovide  21 
and  30  foot  channels  was  transferred  to  Detroit. 

ALIGNMENT. 

In  locating  the  center  line  of  the  proposed  channel  it  was  the  object 
to  confine  it  as  close  as  possible  within  the  channel  line  as  it  now 
exists,  to  avoid  heavy  rock  cutting,  whenever  possible,  and  limit  the 
degree  of  curvature. 

P\)llowing  is  a  tabulated  statement  of  alignment,  including  total 
length  of  curves  and  tangents,  total  curvature  and  maximum  degree 
of  curvature : 


Length. 

Maximum 
degret'  of 
curvature. 

Total  cur- 
vature. 

485  50 

Curve. 

Tangent. 

Feet 

Feet. 
U4.fl82 

1  16 

WIDTH    t)F   CHANNELS. 


The  proposed  width  of  the  channel  upon  which  these  estimates  are 
based  is  as  follows: 

Feet. 

From  Station  5241 -+-18  to  station  5539 -I- 40 -      800 

From  station  5589+40  to  station  5905+80 400 

From  station  5905+80  to  station  7169  (end) .600 
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The  cross  sections  are  of  the  standard  form  adopted  by  your  Board 
for  river  improvement.  The  side  slopes  in  rock  cuts  are  10  on  1  and 
in  eartli  cuts  1  on  2. 


BRIDGES. 


Tlie  river  between  tli«*  Stale  dam  at  Troy,  X.  Y.,  and  the  ocean  is 
obstructed  by  six  bridges. 


DESCRIPTION   OF   BRIDGES. 


Draw- 
span. 


Width 
in  clear 
in  each 

draw. 


(o)  Delaware  and  Hudson  Railroad  bridge  at  Bridge  avenne,  Troy, 
N.  Y 

(b)  Congress  street  bridge,  Troy,  N.  Y 

(c)  New  York  Central  and  Hudson  River  Railroad,  upper  bridge, 

Albany,  N.Y '. .. 

id)  New  York  Central  and  Hudson   River  Railroad  passenger 

bridge,  Albany,  N.Y.  o 

(e )  Lower  bridge,  or  Greenbush  bridge.  Albany,  N.Y 

(J)  Poughkoepsie  bridge  at  Poughkeepsie,  N.Y 


Ft.  in. 


1»8    6 

2.58    0 


275    0 
m)    0 


61    6 
104    0 


110    7 


115    4 
l«l)    8 


Height  of 
bottom 
chord 
above 
mean 
high 
water. 


Ft.  in. 

23  6 

29  6 

:«  5 

28  1 

22  7 

ItiO  0 


a  Since  this  report  was  written  this  bridge  has  Ijeen  replaced  by  a  n<iw  one. 

(a)  Raih'oad,  wagon,  and  passenger  bridge.  Built  of  ii-on,  on  stone 
piers,  drawpier  on  land  at  east  shore.  The  only  opening  through 
which  boats  ply  in  3G  feet  6  inches  in  clear  from  dock  line,  east  sliore. 
The  draw  is  opened  by  steam  power.  There  are  four  piers  in  tlie  main 
channel  of  the  river  east  of  Starbucks  Island,  the  respective  widths 
in  clear  between  piers  being  170  feet  0  inches,  173  feet  n  Indies,  173 
feet  G  inches,  and  100  feet  to  east  shore  line  of  Starbucks  Island.  In 
channel  of  the  river  west  shore  line  of  Starbucks  Island  to  first  pier, 
150  feet  5  inches;  between  first  and  second  piers,  177  feet  5  inches, 
and  from  second  pier  to  Green  Island  dock  line,  G8  feet  0  inches, 
making  in  all  six  piers  in  the  river.  The  bridge  stands  at  right  angles 
to  the  direction  of  the  stream.  It  was  built  in  187^)  by  the  Delaware 
Bridge  Company. 

(h)  A  wagon  and  passenger  bridge  built  of  iron  on  stone  piers,  and 
slightly  oblique  to  the  direction  of  the  stream,  Avith  double  draw  opened 
by  hand  power.  There  are  two  piers  and  the  drawpier  in  the  river. 
Width  in  clear  from  east  pier  to  dock,  205  feet  3  inches;  width  in  clear 
from  west  pier  to  West  Troy  shore  line,  210  feet.    Built  in  1874. 

(c)  A  railroad  freight  bridge,  built  of  iron  on  stone  piers,  and  at 
right  angles  to  the  direction  of  stream.  It  has  a  doul>le  draw,  opened 
by  steam  power.  There  are  four  piers  and  drawpier  in  the  river; 
respective  widths  in  clear  between  bulkhead  lines,  14G,  170,  and  170 
feet,  commencing  at  Columbia  Pier  dock  line.     l>uilt  in  1870. 
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{<!)  A  railroad  and  passenj^er  bridge,  built  of  iron  on  stone  piers, 
at  riu:hi  angles  to  tlie  direction  of  tlie  stream.  It  has  a  double  draw, 
opened  by  steam  power.  There  are  four  piei*s  and  a  drawpier  in 
the  river;  respective  widths  in  clear,  146  feet  5  inches,  175  feet,  175 
feet,  and  110  feet,  commencing  at  Columbia  Pier  dock  lint^.  Built  in 
1875. 

(e)  A  wagon  and  passenger  bridge,  built  of  iron  on  stone  piers,  at 
right  angles  to  the  direction  of  the  stream.  It  has  a  double  draw, 
operated  by  steam  power.  There  are  two  piers  and  drawpier  in  the 
river;  width  in  clear  from  west  pi6r  to  Quay  street  dock  line,  ISO  feet 
3  inches;  width  in  clear  from  east  pier  to  .shore  line  pier,  230  feet  3 
inches.     Built  in  1886. 

(/)  A  railroad  bridge  on  iron  piers,  with  stone  foundations,  at 
right  angles  to  the  stream.  There  are  five  spans,  but  no  drawspan. 
and  four  piers  in  the  river.  Respective  lengths  of  spans,  548,  525, 
540,  525,  and  548  feet,  cantilever  type. 

DAM   AT   TROY,  N.  Y. 

The  legal  height  of  crest  of  dam  is  12.07  feet  above  mean  low  tide 
of  Hudson  River  at  Albany,  N.  Y. 

Crest  of  dam  is  8  feet  below  top  of  masonry  of  sloop  lock. 
The  total  length  of  weir  is  1,100  feet. 

DEPOSIT    OF    WASTE    MATERIAL. 

(Tcnerally  all  material  excavated  will  have  to  be  deposited  either  on 
the  shore  or  behind  established  lines,  and  so  protected  that  during 
freshets  it  is  not  carried  into  the  channel;  or  deposited  in  the  river 
at  such  points  as  may  be  selected  by  the  engineer  in  charge  of  the 
improvements.  This  matter  can  be  decid<'<l  upon,  liowever,  when  the 
contemplated  improvement  is  undertaken. 

CHARACTER   OF   MATERIALS  TO   BE    EXCAVATED. 

As  previously  stated,  the  rock  on  this  division  consists  entirely  of 
Hudson  River  shale  and  must  be  excavated  under  water. 

From  the  Troy  dam  to  station  565t)+5()  the  material  above  the  rock 
consists  of  bowlders,  stones,  sand,  gravel,  and  some  clay.  Bowlders 
form  nearly  the  entire  covering  of  the  rock  for  the  first  0,(X)0  feet 
below  the  dam.  For  the  remainder  of  the  distance  to  station  505;»-j-50 
the  finer  materials  predominate. 

From  station  50o(»  +  50  to  the  end  of  tlie  work  tlie  excavation  above 
the  rock  will  consist  entirely  of  .sand,  tine  gravel,  and  some  clay,  and 
can  be  readily  liandled  by  a  pump  dredge. 

gUANTITIES. 

The  following  tables  give  tlie  estimated  quantities  and  cost  for  both 
the  30  and  21-foot  channels.     The  quantities  from  the  StaT(»  dam  to 
H.  Doc.  149 36^ 
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the  lower  end  of  the  approach  to  lock  No.  12,  station  5235,  are  included 
with  those  for  the  Hudson  River  division.  Appendix  No.  10. 

THIRTY-FOOT  CHANNEL. 

[Troy  to  Albany,  station  5235  to  station  5059  +  50.] 


Quantity. 

Cost  per 

unit. 

Total. 

Excavation : 

Earth,  wet . 

Rock,  wet — 

cubic  yards.. 

do.... 

/       7ti2,n: 
\     8,2oi.4;{;{ 

S0.;5(» 

.35 

2.00 

$238,i>J5 
2,050,;J58 
.4.85«,:i32 

Total 

7, 137, 315 

[Albany  to  junction 

with  Normans  Kill  line,  station  5059  +  50  to  station  5757.] 

3,439,411 

$0.15 

8515,913 

[Junction  with  Normans  Kill  line  to  deep  water,  station  5757  to  below  Sycamore 

Point.] 

Excavation: 

Karth,  wet 

Rock,  wet ..  

Dikes; 

Piles 

cubic  yards.. 

do 

48,942,07;i 
945, 890 

886, 667 

Ml. 'MS 
07,000 

3.00 
.15 

«;j(t.ai 

Mi 
.75 

§7,341,311 
1.891,793 

VXi.m) 
14,8;{3 

7,8;}.) 

50  745 

Pine 

Iron 

Stone  fill 

teet  B.  M.. 

--- pounds. - 

cubic  yards. - 

Total 

9  439  ,516 

For  Chainplain  route  only: 
Troy  to  Albany  . 

SUMMARY. 

.  S7,i;}7,315 
515  913 

Albany  to  Normans  Kill  . 

Total 

. 

.    7.653.327 

Common  to  both  Champlain  and  Oswego-Mohawk  routes,  Normans  Kill  to  deep  water.    9. 439. 516 

TWENTY-ONE  FOOT  CHANNEL. 

[Troy  to  Albany,  station  5335  to  .station  56.59+50.] 


Quantity,     ^'^n*,^^'' 


Excavation: 


Earth,  wet cubic  yards.. i      i  km' (^ 


Rock, wet - do. 

Total 


744,709 


Total. 


S214,730 
1,174,466 

1,489.418 


3,878.614 


[Albany  to  junction  with  Normans  Kill,  station  5659+.50  to  station  5757.] 


Excavation,  earth,  wet cubic  yards 


1,930,;S18  I        8i).15  §388,048 


[Junction  with  Normans  Kill  line  to  deep  water,  station  5757  to  below  Sycamore  Point.] 


Excavation: 

Earth,  wet 

cubic  yards.. 

23, 35:5. 773 

$0.15 

83,353,(J66 

Rock,  wet 

do... 

111,136 

2.00 

323  353 

Dikes: 

Piles 

linear  feet.. 

as6.067 

.15 

13:},  000 

Pine 

feetB.  M.. 

494,400 

ttSO.OO 

14,833 

Ii^n 

pounds.. 

261,308 

.03 

7,836 

Stone 

cubic  yards.. 

67,660 

.75 

50,745 

Total 

3.781,731 

a  Per  1,000  feet. 
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SUMMARY.      • 
For  Charaplain  roiito  only: 

Troy  to  Albany  s:i.87«,«U 

Albany  to  Normans  K  i  i5iW,iM8 

Total - 3.16fl.W5S 

Common  to  tx)th  Champlain  and  Os wego-Mohaws  routes.  Normans  Kill  to  deup  water.    3.  "81 ,  Til 

In  conclusion,  I  wish  to  acknowledge  the  faithful  services  [XTfonned 
by  lay  assistimts,  among  whom  shou»ld  l)e  mentioned  E.  J.  Thomas, 
instrumentman;  A.  L.  Harris  and  A.  N.  Dimaway,  draftsmen;  A.  W. 
Clark,  recorder,  and  Paul  IJeer;  also  the  numy  courtesies  received  from 
Mr.  Frederick  \V.  Orr,  of  Troy,  and  K.  II.  'J'al<(»tl.  T'uited  States 
assistant  engineer  at  Albaiij',  N.  Y. 

Respectfully  submitted.  11.   F.   Dose, 

Assistant  Engineer. 

The  Board  of  KN(iiNEERs  ox  Deep  Waterways, 
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